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INTRODUCTION 

Sea-run populations of coastal cutthroat trout (Salmo 
clarki clarki) may well achieve their optimum utility in 
streams wllich empty into the Pacific Ocean along the 
Oregon Coast. Within this range of latitudes sizable ana
dromous populations exist that achieve prime growth in the 
stream, estuary, and sea, and are at times subjected to 
intensive freshwater and tidewater harvest. In Oregon 
cutthroat trout angling complements most other fisheries 
on the coast , occurring at times and in areas where there is 
little competition with other species. Moreover, summer 
and fall tidewater angling is increasingly popular with 
retirement-age couples and others, who perhaps find salt
water angling in the bays pleasant and somewhat safer than 
offshore. 

The cutthroat trout is a colorful species, exhibiting 
considerable variation in life pattern and appearance which 
induces many to believe that sea-run and resident forms are 
two distinct fish. The typical sea-run fish in Oregon rarely 
achieves a size exceeding about 20 inches and 4 pounds due 
to an annual spawning cycle and corresponding loss of 
physical condition. This comparatively small size may 
account for some loss of status in the Pacific Northwest, 
where the larger salmon (Oncorhy nchus spp.) and steelhead 
trout (Salmo gairdneri) are much more popular with most 
anglers. 

Biologists have allotted only minor attention to the 
cutthroat over the years, as evidenced by a lack of 
published information. Biological characteristics of wild 
adult populations, essential to management, were virtually 
unknown on Oregon's major cutthroat streams prior to this 
study. Hatchery fish were routinely stocked with little 
knowledge of the fat e of the released fish , of their influence 
on wild populations, or of their contribution to the angler . 
Another question among hiologists was whether manage
ment of the spring put-and-take fisheries or the fall sea-run 
fisheries should be emphasized on coastal streams. 

To answer these questions the Game Commission began 
in 1965 , with the aid of federal funds thro ugh the 
Dingeli -Johnson Act (Projec t F-72-R), a research program 
with the principal ohjective of determining the most 

efficient use of hatchery stocks of cutthroat in coastal 
streams. The Alsea, Siuslaw and Nestucca rivers, spanning 
an 83-mile length of the central Oregon coast , were selected 
for study as each sustained important spring and fall 
fisheries (Figure 1 ). A second objective of the study was to 
add to the biological knowledge of wild sea-run populations 
in the rivers through catch sampling, netting and tagging, 
and other studies. 

--I 0 !0 20 
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Figure I. Location of three st udy ri ve rs on the central 
Oregon coast. 



GENERAL STUDY METHODS 

Design of hatchery releases 
To determine the effect of time of release on returns to 

the angler, yearling hatchery fish were released in the study 
rivers between January and June, and angler catches were 
monitored. The stocking plan was altered annually by 
deleting releases exhibiting poor returns, adding new release 
dates, and replicating the more promising releases. The 
sequence of release of 25 groups of fish during the study, 
along with other release information is provided in Table 1. 
Definitions of terms used in this report are found in 
Appendix A. 

Hatchery cutthroat used in the study were obtained 
from brood stock held at Alsea Hatchery near Alsea, 
Oregon. The brood fish originated from wild cutthroat 
taken in the Alsea River in the mid-1930's, and have 
undergone little selection over the years . Eggs from the 
Alsea stock were transferred to Cedar Creek Hatchery near 
Hebo, Oregon, for hatching and rearing. 

The principal release comparison, March versus May, was 
replicated a total of six times on the three streams between 
1966 and 1968 to encompass variations in results. May fish 
were stocked in the week preceding opening of the spring 

TABLE I 

River 

Alsea 

Siuslaw 

Nestucca 

Experimental releases of yearling hatchery-reared cutthroat trout in the Alsea, 
Siuslaw and Nestucca rivers, 1966-1970. 

Average fork 
Release Fin length 

Year Month Number Mark (mm) 

1966 January 16,341 Ad-RV 140 
March 9,800 RV-LM 193 
May 10,000 LV-RM 239 

1967 March 9,900 LP-RM 2 10 
May 15,000 LV-RP 229 

1968 March 10,100 Ad-RP 206 
May 9,800 LP-LM 23 1 

1969 May (1) 15,050 RV-RM 240 
May (2) 10,000 Ad-RM 240 

1970 May 25 ,040 Ad-LM 235 

1966 January 10,039 Ad-LV 137 
March 10,000 RV-RM 193 
May 10,000 Ad-RM 239 

1967 March 9,900 RP-RM 210 
May 15,000 RV-LP 229 

1968 March 10,000 Ad-LM 205 
May 9,800 Ad-RV 223 

1969 May (1) 10,100 LV-RV 230 
May (2) 5 ,060 LV-RM 230 

1970 May 29,170 Ad-RV 235 

1968 March 9,990 LV-LM 228 
April 9,950 Ad-LP 229 
May 9,640 RP-LM 243 

1969 May 13 ,020 Ad-LV 240 
June 7,000 RV-LM 240 

2 

Average 
weight 

(g) 

30 
74 

137 
105 
128 
88 

129 
142 
142 
136 

28 
74 

137 
105 
128 
88 

116 
125 
125 
136 

133 
127 
154 
142 
142 



trout fishery (opening dates May 20-25), and March fish 
approximately two months earlier. Since most downstream 
migration of wild cutthroat smolts occurs in April and May, 
these months would have been logical choices for test 
releases . Selection of March instead of April as a potential 
month for comparison was made primarily to avoid further 
taxing of the April liberation schedule, which was crowded 
with stocking of steelhead and rainbow trout. One April 
release was made in the Nestucca River in 1968. 

Numbers of fish released ranged from 5,000 to more 
than 29,000 for the 25 groups stocked, although groups of 
approximately 10,000 were commonly used (Table 1). 
Release numbers were similar for the March-May com
parisons. Numbers were increased in 1969 and 1970 to 
provide information on the influence of stocking levels . 

Hatchery stocks were distributed in six locations along 
the main stem and major tributaries of each stream where 
most spring angling occurred. Liberation sites were un
changed during the study, except for a release near the head 
of tidewater in each stream in 1969. The effect of stocking 
location on returns was not a principal objective of the 
study, as distribution of fish along the stream was ad
vantageous to the spring fisheries. 

The mean size of yearling fish released from March 
through June ranged from 193 to 243 mm fork length. For 
the March-May comparison, March groups averaged 206 
mm and May groups 233 mm. 

Catch estimation 
The basic method used in estimating cutthroat catches 

was similar for spring and fall fisheries on all streams. It 
consisted of (I) estimates of total effort through expansion 
of periodic car counts (spring fisheries) and boat counts 
(fall fisheries), and (2) angler interviews to determine catch 
per. unit of effort and distribution of stocks. Statistical 
techniques used in expansion of sample data for spring and 
fall fisheries are described in Appendices B and C. Ap
proximately half of the total number of days in each 
fishery were sampled. Weekends were sampled more heavily 
than weekdays because of greater angling pressure and the 
opportunity to examine more fish . Selection of count
interview days was random at first, but was partially 
systematized later to improve the sampling of rapid fishery 
fluc tuations. 

Spring fisheries 

Spring fisheries were monitored for a one-month period 
following the season opening. Sampling areas were confined 
to main stem and major tributary areas where most angling 
occurred, and generally encompassed all liberation sites . 
Approximately 53 miles of stream were sampled on the 
Alsea River, 33 on the Siuslaw River and 35 on the 
Nestucca River. Alsea and Nestucca tidewater areas were 
included in the sampling. Roads paralle ling the streams 
facilitated counts and interviews. Interviewers were assigned 
sections of river in which they conducted car counts at 2, 3 

' ·' 

or 4-hour intervals and contacted anglers in the intervening 
times. The analysis of count and interview data is outlined 
in Appendix B. 

Interviewers recorded for each angling party the stream 
location, number of anglers , hours fished, catch, and 
whether or not the entire party had completed angling for 
that day. The home towns of anglers were recorded in 1968 
and 1970. Wild fish in the catch were separated into adults 
(;;;;. 300 mm) and juveniles (< 300 mm) to distinguish 
probable spent fish of previous spawning migrations from 
fish which had not migrated to sea. Hatchery fish released 
in the year of sampling were generally only enumerated, 
while those of previous years were measured and scale
sampled. 

Fall fisheries 
Fall estuary fisheries for sea-run cutthroat were sampled 

from July to October, the length of the census period 
depending on the initiation and termination of most angling 
effort and catch . Sampling usually began about July 15. 
Cutthroat angling and sampling were confined to the 
narrow, deeper , upper two-thirds of the estuary. The Alsea 
fishery extended approximately 9 miles, the Siuslaw fishery 
16 miles, and the Nestucca 6 miles. Estuary diagrams and 
sampling boundaries are included in Figures 2, 3 and 4. The 
fisheries were further subdivided into geographic units to 
facilitate sampling and to delineate areas of heavy angling 
intensity or catch . 
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Figure 2. Map of the Nestucca River estuary and major 
tributaries , showing limits of fall sea-run cutthroat fishery 
(dashed lines). 



Figure 3. Map of the Alsea River estuary and major 
tributaries, showing limits of fall sea-run cutthroat fishery 
(dashed lines). Arrow indicates principal beach-seining site 
(Arnold Creek). 

Almost all fall angling was by boat (usually trolling). 
Bank angling was substantial on the Nestucca estuary and 
was treated separately in catch estimation. Boat counts 
were made from the highway on the Siuslaw , from either 
highway or boat on the Alsea, and by car and boat on the 
Nestucca estuary. Simultaneous car and airplane counts of 
boats on the Siuslaw estuary established correction factors 
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for minor areas not visible from the highway. The boat 
counts were expanded to total daily effort as described in 
Appendix C. 

Angler interviews were obtained largely at boat 
moorages along the count route, and information similar to 
that collected in the spring was obtained from fall anglers. 
Effort and catch for chinook salmon (Oncorhynchus 
tshawytscha) and coho salmon (0. kisutch) was separated 
from that for cutthroat trout by recording the species 
sought. Estimates of salmon catch were made along with 
those of cutthroat catch. Catch samples of wild and 
hatchery cutthroat were randomly subsampled for length, 
weight, scale samples, sex and food habits. 

Cutthroat-salinity relationships 
Two objectives concerning cutthroat-salinity relation

ships were undertaken during the study. One involved 
laboratory tests to determine the survival of juvenile 
cutthroat of different sizes and ages in water of different 
salinities. Development of seawater adaptation was docu
mented primarily to anticipate its effect on fish of diffe rent 
sizes released in the stream or estuary . Estuary salinity and 
temperature profiles were also charted for each rive r in 
1967 and 1968, to relate to the distribution and move
ments of wild cutthroat and to determine the kind of 
transition hatchery stocks would experience during seaward 
migration. Examples of spring, summer and winter pa tterns 
were obtained with the limited time available for this work. 

MAPLETON 
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Figure 4. Map of the Siuslaw River estuary and major tributaries, showing limits of fall sea-run cutthroat fishery (dashed 

lines). 
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Development of capture gear 
Research on sea-run cutthroat in the estuary depended 

to a large extent on the development of gear which would 
regularly capture sufficient numbers of fish for study. 
Ready capture of migrant cutthroat proved difficult. The 
fish were infrequently abundant in tidewater, and when 
present their distribution was generally limited to the 
central estuary where capture was hindered by currents, 
debris and lack of shoreline seining sites (Figure 5). 

Figure 5. Arnold Creek beach-seining site, Alsea estuary 
(approaching high tide). 

Several types cif capture gear were unsuccessfully tested, 
primarily on the Alsea estuary, to provide fish for tagging. 
Two encircling nets, a roundhaul seine and purse-seine, 
failed by becoming lodged on underwater snags while 
drifting with the current. Oneida trap nets and con
tinuously monitored gill nets were rendered ineffective by 
currents, floating debris and algae growth. Beach seines, 
effective on other species in the lower bays of the Alsea and 
Siuslaw estuaries, were virtually useless in the central 
estuary because of the physical problems. Following 
underwater survey and site selection and preparation, beach 
seines were again tested in the central Alsea estuary. To 
locate obstructions, weighted lines were hauled over 
sections of bottom. Inspection with SCUBA indicated areas 
containing minor obstructions that could be cleared. Divers 
successfully cleared five underwater sites for seining in 
1969 . Adjacent shoreline areas were freed of brush, trees 
and old pilings. 

Following preparation of seining sites, quick, accurate 
net setting was necessary to avoid adjacent snags and to 
retrieve the seine before currents carried it onto obstruc
tions. To accomplish this, a net-board was devised to allow 
rapid setting in strong currents (Giger and Williams, 1972). 
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The speed of the resultant process facilitated net retrieval in 
narrow beach areas, despite currents that at times exceeded 
two feet per second. The net-board was constructed so that 
seines could be set from either side of the boat, depending 
on the direction of tidal current (Figure 6). 

Figure 6. Net-board designed to aid in fast, accurate setting 
of beach seines in tidal currents. (Note purse rings attached 
to leadline.) 

Beach seines utilized in 1969 included a 300 by I 0-foot 
net with l-inch (bar measure) knotted nylon webbing, and 
a 380 by 10-foot seine with like mesh. The nets were hand 
hauled by a crew of three or four men, but in strong flows 
or upon snagging manual hauling was difficult or im
possible. In 1970, manual hauling of a 300 by 10-foot seine 
with %-inch webbing was eventually abandoned because of 
the severe drag on the net by water currents. 

Mechanization of the seining operation was attempted in 
early 1970 to allow use of a variety of seine sizes in a wide 
range of currents. A review of conventional seine-hauling 
gear, some of which was described by Torban (1964) and 
Coon, et al., (I 968), revealed that most was either 
immobile or required larger beach areas for operation. To 
capture cutthroat, a different technique had to be devised 
to fish nets from the narrow shorelines. 

Mechanized seine hauling was achieved using a purse 
seine raft and gurdy (Durkin and Park, 1967) on loan from 
the National Marine Fisheries Service as a mobile power 
source. The unit consisted of a 10 by 28-foot pontoon raft, 
an A-frame, and a double gypsy winch powered by a 6-hp 
gasoline engine (gear ratio 33 : I). Accessory gear utilized in 
the operation included the seine-setting boat and net-board, 
a screw anchor and pulley arrangement on shore for guiding 
the net, a single hauling line, a 300 by I 0-foot seine with 
%-inch webbing, a 500 by 1 0-foot seine with l-inch 
webbing, and 2%-inch harness rings close-coupled to the 
leadline of the seine at 4-foot intervals. 

Operation of the beach seine is depicted in Figures 7 and 
8. The raft was placed at an angle to the shore upcurrent 
from the seining area, and the seine (with hauling line 
threaded through the harness rings) laid out as in Figure 7. 



A bridle rope tethered the seine to the bank. Hauling was 
begun after the net was laid out and downcurrent bridle 
and hauling line tied off. In heavy flows the net was hauled 
with the winch (pursed) as it swung toward the shore and 
out of the current (Figure 7). The dowrtcurrent wing was 
easily hauled manually after the net neared shore. On slack 
tides the floatline was hauled manually from both ends 
throughout pursing, as the ring of floats was pulled under 
the surface if allowed to go slack. In either case, slack was 
taken out of the net before beaching to prevent fish from 
entangling in folds of netting. 

----........ 
/ ""' 

""'\SETTING 

HAULING 

\ 
CURRENT \ 

BEACH 

\ 
-----'~--

1 

CURR ENT -

Figure 7. Operation of mechanized beach seine in strong 
flows. The downcurrent wing was hauled manually when 
the net neared shore. 

Reloading of the net for a subsequent haul was 
accomplished by first moving the net back into shallow 
water, then loading it on the boat from the downcurrent 
end. Pursing line was redistributed along the seine during 
stacking to lay out with the net in setting. When reversing 
the operation upon a change in flow direction, the raft was 
moved to the opposite end of the seining site, the majority 
of hauling line was pulled back through the harness rings to 
the new upcurrent end, and loading was begun at the new 
downcurrent end. 

The improved seining procedure reduced the amount of 
manual labor required and increased the efficiency of the 
gear for capturing cutthroat. Table 2 compares catches 
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Figure 8. Series of photos detailing mechanized semmg 
operations, Alsea estuary, 1970. Top photo - gear being 
readied for a set, with hauling line leading from net through 
shore pulley to winch and bridle rope tied on shore. Center 
photo - later stages of hauling, showing net being beached 
as operator guides floatline. Bottom photo - view in 
downcurrent direction during hauling in slow currents. 



TABLE 2 
Comparison of sea-run cutthroat catch using two beach seining techniques, Arnold Creek site, 

Alsea River estuary, 1969-1970. 

Year Seine 

1969 380ft. by I 0 ft. beach seine, manual 

1970 500 ft. by 10 ft. beach seine, mechanized 

made by manually hauled and mechanized seines at the 
Arnold Creek site. Although net length and the size of the 
sea-run population increased in 1970, a substantial amount 
of the increase achieved in catch per haul was attributed to 
improved seine efficiency. The major advantage of the 
mechanized process was the ability to operate during strong 
incoming tides, when fish were often most abundant. If 
snags were encountered during hauling, the winch and 
hauling line were usually able to pull the snag or net free 
with little damage. With manual seining divers were 
required to free the net , which often had torn badly and 
freed its catch of fish . 

Tagging program 
Samples taken from the angler catch supplied much of 

the information gained for wild and hatchery populations 
in the study streams . Age, growth , survival and migrations 
were examined in this manner. Netting and tagging on the 
Alsea River furnished added data on these and other topics 
such as population size , harvest rates and movements of 
cutthroat. 

Electrofishing in tributaries of the Alsea River provided 
samples of small fish needed for construction of a body
scale relationship . Trap nets and fyke nets captured small 
numbers of fish in the main stem Alsea, but for the most 
part were not successful. Adult populations and the 
estuarial phase of cutthroat life history were studied more 
intensively on the Alsea estuary in 1969 and 1970 after 
suitable capture gear had been developed . 

Number of 
hauls 

262 

175 

Sea-run 
cutthroat 

497 

1,263 

Average catch 
per haul 

1.9 

7.2 

Seining in the Alsea estuary from July through 
September, 1969, resulted in the capture of 600 sea-run 
cutthroat at four of the five seining sites, although the 
Arnold Creek site (Figures 3 and 5) was by far the most 
productive. Depths at Arnold Creek were comparatively 
shallow , ranging from 9 feet on moderately low tides to 15 
feet on moderately high tides . This site was used almost 
exclusively in 1970 to capture approximately 2 ,100 cut
throat, including 1 ,300 sea-runs, between March 20 and 
October 20. Downstream migrant cutthroat were netted 
from March through June, and upstream migrants after July 
21 (first appearance). 

Seined cutthroat were marked with oval celluloid 
dangler tags (3/16 by 9/16-inch) for identification. Tags 
were attached behind the dorsal fin , using a 0 .016-inch 
diameter solid vinyl thread (see Figure 34 ) . The tag and 
method of attachment were found to be satisfactory for use 
within the stream system (including the estuary). Ex
amination of recaptured fish indicated a tag loss of less than 
two percent in 1969, and less than one percent in 1970. 
Tags were not retained well at sea , as returns from tagged 
groups of hatchery smolts in 1970 indicated that 80 to 90 
percent of the tags placed on out-migrants had been lost 
during ocean residence . Losses occurred because seaweed 
(possibly Enteromorpha sp.) grew on the tag, creating a 
drag which gradually pulled the tag thread through the 
fish's flesh. 

DEVELOPMENT OF SEAWATER TOLERANCE 

The pattern of development of marine osmoregulation in 
juvenile cutthroat was determined through exposure of fish 
to seawater by gradual transition from lower to higher 
salinity water. Gradual transition to higher salinities , rather 
than immediate , was chosen because it probably ap
proximated more closely conditions available for migrating 
fish in natural situations. Wagner, et al. , (1969) found that 
juvenile spring and fall chinook showed better survival 
when tested by gradual transition than when tested by 
immediate transition. 
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A second goal of the salinity experiments was to test for 
any decline in survival during and following the migratory 
period. Conte and Wagner (1965) recorded a marked 
regression in survival of juvenile steelhead during this period 
when fish were placed directly from fresh into full strength 
(30 parts per thousand) seawater. In the present study , 
young steelhead as well as cutthroat were exposed gradually 
for comparison , and to determine if the deactivation of the 
hypo-osmoregulatory mechanism in steelhead was mani
fested in gradual as in immediate transition experiments . 



Procedures 
Cutthroat and steelhead were hatched and reared in the 

laboratory under a natural photoperiod and at a constant 
temperature of 54°F (12.3°C). Fish were exposed at 
different sizes during the rearing period to seawater. 
Thirty-day tests were conducted under constant tempera
ture (52-54°, 11-12°C) and simulated normal photoperiod, 
and were repeated at two and four-week intervals with new 
groups of fish_ 

Each of five treatment groups of fish began exposure in 
10 parts per thousand (o/oo) seawater. One group remained 
at 10 ofoo for 30 days while the remaining groups advanced 
to 15 ofoo after five days. One of these continued at 15 
ofoo, while the others advanced to 20 ofoo after five more · 
days. This procedure continued until the last treatment 
group reached 30 ofoo where they were held for the 
remaining 10 days of the exposure period. Early treatment 
groups consisted of 20 fish each in two aquaria, but as fish 
size increased numbers were reduced to 10 fish in later 
experiments. Separate groups of freshwater controls were 
used throughout the tests. Small fish were fed frozen brine 
shrimp (Artemia salina) and large fish a standard diet of 
moist pellets. Mortalities of fish were recorded and water 
changed daily. 

Figure 9. Bank of aquaria used in salinity tolerance tests 
with coastal cutthroat trout fry. 
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Results of laboratory experiments 
Mortalities caused by contamination of the saltwater 

supply in Test I (1968 brood) prevented measurement of 
survival for many groups, and may have influenced results 
for other groups (Appendix Table D-1). Fish in Test I also 
exhibited poor growth for a period after hatching. For 
these reasons, the experiment w~s repeated with 1969 
brood cutthroat (Test II) to determine if euryhalinity could 
be achieved earlier under improved conditions. The results 
of Test II were considered more representative of survival 
under optimum conditions, and are the basis for discussion 
and comparison with other species. One size group of 
cutthroat was replicated in Test III (1970 brood) to add to 
the developed survival curves. 

Data from the tests indicate that survival was more 
related to size than to age. Rapidly growing Test II fish 
achieved high survivals at a much earlier age than those in 
Test I. Size-related survival appears to be typical among the 
salmonids tested under similar conditions (Conte and 
Wagner , 1965; Conte, et al., 1966; Wagner, et al., 1969). 

For coastal cutthroat trout, survival in 30 ofoo seawater 
appeared to approach 95 to 100 percent at about 100 to 
125 days post-hatching, or at a weight of around 4-5 grams 
(Figure 1 0). For fish acclimated to lower final salinities 
(i.e., 10, 15, 20 and 25 o/oo), complete survival occurred 
correspondingly earlier at smaller sizes. Once euryhalinity 
was achieved in Test I, no decline in survival was demon
strated in the 15-month duration of the experiment. 
Similarly, steelhead exposed by gradual transition exhibited 
no regression in survival during the normal migratory period 
as was demonstrated in direct transition experiments. 

Discussion 
When the most essential data, that relating fish size 

(weight) with survival through gradual transition into 
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Figure 10. Relationship of age and survival for juvenile 
cutthroat trout (1968 brood) exposed to five final salinities 
by gradual transition. 



full-strength seawater, is plotted for cutthroat and steelhead 
and compared with spring and fall chinook salmon, a 
similar pattern appears to exist (Figure 11). The majority of 
the variation between species seems to occur during the 
major inflection of the survival curve, from a fish weight of 
about 0.4 to 3.0 grams. The differences between species are 
notably small. The curve suggests that chinook salmon may 
achieve euryhalinity earliest, followed by steelhead and 
then cutthroat trout. Since the primary objective of the 
salinity tolerance tests was the establishment of survival 
curves, and not analysis of physiological mechanisms 
operating in osmoregulation, speculation as to the causes of 
the observed species differences cannot be made. The 
comparison represents only an attempt to bring together 
information which might serve as a reference point for 
further study. 

Considering the sizes at which wild cutthroat in natural 
environments first enter saline water, development of 
salinity tolerance appears unrelated to seaward migration, 
preceding it by a wide margin in age and size. The smallest 
wild fish captured in estuary waters during the study was a 
12 gram, 104 mm yearling taken by beach seine on May 25, 
1970, in the Alsea River. This fish was at least double the 
size at which euryhalinity had been demonstrated in the 
laboratory, and salinities in the capture area at that date 
had not exceeded 15 ofoo. Cutthroat smolts entering the 
sea may range as low as 40-45 grams (160-170 mm), which 
is still about eight times the weight at which euryhalinity 
was demonstrated. 

It is evident as well that hatchery stocks in use along the 
coast are in little danger of mortality associated with 
salinity tolerance. Although the possible effects of stocking 
very small cutthroat directly into saline waters cannot be 
predicted from the experiments, evidence suggests that 
releases of fish 5 grams (100 per pound) or less in size into 
water of any salinity should be avoided. • 
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Figure 11. Relative survival of chinook salmon, winter 
steelhead and coastal cutthroat trout when gradually 
exposed to 30 o/oo seawater. Shaded area indicates 
approximate range of values. (Data for salmon from 
Wagner, et al., 1969). 

MIGRATIONS 

Seaward and upstream migrations of coastal cutthroat 
trout in Oregon have been examined principally by Sumner 
(1962) and Lowry (1965). Peak downstream movements 
(April-May) and upstream movements (November
December) in these studies agreed fairly well, with minor 
differences probably the result of the proximity of 
sampling weirs to the ocean as suggested by Lowry. These 
studies were based on trap data, and although they provide 
reliable point measurements of movement timing, they are 
potentially misleading when interpreted into generalized 
smolt and spawning migration patterns. As an example, 
cutthroat of smaller sizes moving downstream through 
weirs may not reach the sea, thus size, age , survival and 
other data collected should not be interpreted as referring 
to fish actually entering the sea. As another example, 
timing of movements at various freshwater stations may 
relate very little to periods of entrance into or exodus from 
salt water. 

Migrations of cutthroat in the Alsea, Siuslaw and 
Nestucca rivers were examined between 1965 and 1970 
through angler catches, netting and trapping in the rivers 
and estuaries, and from recaptures of tagged fish. Subjects 
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of primary interest were the timing of seaward migration, 
ocean entrance, and return to the stream for hatchery and 
wild stocks, and length of residence in the estuary and 
ocean. These were determined through catch sampling and 
netting in tidewater. Freshwater movements in the Alsea 
were monitored with nets, through angler tag returns, by 
tagging at the Crooked Creek weir near Alsea Hatchery, and 
were also inferred by comparing freshwater and estuary 
sampling. 

Seaward movements of wild fish 
Within the broad period of downstream migration that 

extends from January through May (Sumner, 1962; Lowry, 
1965), the timing of kelt, smolt and parr movements varies. 
Lowry noted the earlier migration of kelts from small 
headwater streams of the Alsea River, which peaked in 
January and February. Samples taken in the present study 
at Crooked Creek (54 miles upstream from the sea) and in 
the estuary (7 miles upstream) also indicated an earlier 
downstream movement of spent adults. Figure 12 shows 
the movement of fish larger than 300 mm terminating near 
the end of April at Crooked Creek. Some of these larger 
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Figure 12. Seasonal change in size composition of wild 
downstream migrant cutthroat trout, Crooked Creek weir, 
Alsea River, 1970. 

migrants , however, were present in the Alsea estuary as late 
as the end of May (Figure 13). Kelts were also taken in late 
May in the lower main stem and estuary of all study rivers 
by anglers . Spring harvest of these fish is detailed in the 
section on catch. The sporadic distribution of fish in the 
seine catches in late May suggested that smolt and kelt 
cutthroat were assembling in schools in the estuary before 
out-migration. 

Second in the order of migration were smolting 
juveniles. Downstream movement of smolts peaked in April 
and declined to low levels in early May at the Crooked 
Creek weir. Abundance of these fish in tidewate r appeared 
to be highest the second week in May (Figure 14), and 
essentially all ocean-destined migrants had left the estuary 
by the end of May. 

Over the migratory season smolts were difficult to 
isolate from nonsmolting juveniles (parr), as the trans
formation from parr to smolts occurred over a span of time 
in different size and age groups. In the past this fact has 
served to confuse the question of the size and age of initial 
ocean migrants. In trapping studies in Sand Creek (Sumner, 
1962) and t ributaries of the Alsea River (Lowry, 1964), 
mean size and age of downstream migrating juveniles was 
much lower than for fish actually entering the sea, because 
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Figure 13 . Seasonal change in size composition of wild 
downstream migrant cutthroat trout captured in the Alsea 
estuary, 1970. 

of the presence of rionsmolting parr. Size and age character
istics of smolting cutthroat are defined later in the report. 

The last fish to migrate downstream in the spring were 
the parr. Movement of substantial numbers of these smaller 
fish in 1970 reached a maximum during the last two weeks 
of May at Crooked Creek (Figure 14). Most of the fish were 
not destined for the sea, but for downriver areas where 
further rearing would take place prior to ocean migration in 
some future year. A very few fish likely would never enter 
the ocean, becoming permanent stream residents. Tags 
returned from 500 small fish marked at Crooked Creek in 
April and May, 1968, indicated that many had not left the 
stream or estuary by that summer. One-year-olds were 
notably absent from samples taken at Crooked Creek or in 
the estuary, but were corhmon migrants from smaller 
tributaries according to Lowry (1965). 

Parr first appeared in seine catches at the Arnold Creek 
site (Alsea est1,1ary) on April 23, 1970. A likely product of a 
general downstream movement, recruitment of fish fro m 
freshwater areas continued for about one month, following 
which individuals became remarkably sedentary. By early 
June this was the only group remaining at the Arnold Creek 
seining site (Figure 13). Their numbers declined gradually 
until by October less than one-third remained in the area, 
partly as a result of angling mortality. Two parr marked in 
the spring 47 miles above the estuary appeared at Arnold 
Creek in the late spring and summer, demonstrating 
substantial migrations which did not culminate in ocean 
entrance. 

The spring downstream shifting or progression of non
smolting juvenile cutthroat is a logical feature for this 
species which spends from two to five years in freshwater 
before migrating to sea. Seasonal physiological changes may 
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Figure 14. Generalized patterns of timing of downstream 
(smolts, kelts, parr) and upstream (sea-run) migrant wild 
cutthroat in the Alsea estuary, 1970, as indicated by seine 
catch. Relative height of distributions is not comparable 
because of differences in behavior of migrant groups and 
differ!!nces in net size and effectiveness. 

explain this type of behavior, although possible ex
planations could also include changes in food requirements, 
and crowding from recruitment, size increases and declining 
streamflows. 

Above-normal streamflows in the late spring of 1968 
appeared to stimulate migration of large numbers of parr 
into the estuary of each study river. Late May to June 
streamflows, and fall angler catches of juveniles in the 
estuary, were well above those in other years on each 
stream. 

Upstream migrations of wild fish 
It has generally been held that the November-December 

movement of sea-run cutthroat through freshwater trapping 
stations on their spawning migration was associated with 
increased streamflow caused by rainfall. The timing of 
entrance into the estuary from the sea, however, bore little 
relationship to this period nor was it as readily explained. 
Runs of fish entered streams at different times in the 
summer and fall and at different times from year to year, 
yet there were consistencies in the patterns which suggested 
that timing was not entirely random. 

Known entrance dates of the earliest sea-runs between 
1965 and 1970 ranged from June 23 to July 21. These first 
fish were usually forerunners of larger runs which peaked at 
later dates. Identification of final migration dates was more 
difficult, but small numbers of fish were known to enter as 
late as early October. 

References were made by biologists as well as anglers to 
possible present or one-time existence of a "spring run" of 
sea-run cutthroat, which was said to occur around April or 
May. While stream entrance dates of the earliest migrants 
varied considerably, and sea-run fish were known to enter 
as early as late June, evidence of an earlier spring run was 
not found. Former existence of spring upstream migrations, 
while it cannot be disproved, has also not been recorded in 
the literature. Information gathered in this study indicates 
that many of those termed spring-run fish were kelts 
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returning to the sea. By late May and the start of angling, a 
number of these fish in the stream and estuary have 
regained prime body condition and silvery appearance, and 
closely resemble fresh-run cutthroat from the ocean. Such 
fish taken in estuary catches often possess Arguloid 
copepods (we have termed these "bay lice") which are not 
found on recent entrants from the sea. Anglers were known 
to confuse this parasite with the marine Caligoid copepod 
present only on sea-run fish. Lack of fresh scarring and 
scale examination also confirm that these are not upstream 
migrants. 

No cutthroat were identified as having overwintered at 
sea. Fish migrating to sea in the spring invariably returned 
in the summer or fall of the same year. A very few fish in 
creel samples possessed overly large scales with exception
ally wide growth bands, leading to early speculation that 
the fish had overwintered in the ocean. There was no 
evidence, though, of a compressed band of circuli which 
should occur in winter in the marine environment. Scales 
from these fish were later identified as those of subadult 
steelhead returning with the cutthroat after only a few 
months at sea. The size and appearance of the two species 
of fish was deceivingly similar. 

Fish which had made spawning migrations from the sea 
in previous years (ingeminators) typically were the earliest 
migrants into tidewater in the summer. The first runs of 
fish into the rivers contained much higher proportions of 
these large fish than did succeeding runs. This fact was first 
demonstrated in the angler catch and later verified in 
seining operations in the Alsea estuary in 1969 and 
1970. 

Some of the earlier fishery data (1965-66) indicated an 
increased catch of ingeminators after mid-September, 
leading to speculation that a late run of large fish might also 
occur. A late movement was not demonstrated in seine 
catches and the reason for the earlier indications in the 
angler catch is not known. It is doubtful that a late 

Figure 15 . Mixed seine catch of parr, smolt and kelt 
cutthroat trout taken in spring in the Alsea tidewater. 
Clumped catches of smolts and kelts, but not of parr, 
suggested that ocean migrants were schooling in the estuary 
prior to ocean migration. 



migration of ingeminators occurs. Coefficients of condition 
of a sample of the 1965-66 late-caught fish were consider
ably below those of fresh-run fish of the same size range in 
July, indicating the fish had probably been in the estuary 
for some time (see Feeding). 

An example of the early migration of ingeminators 
(Figure 16) was taken from net data on the Alsea estuary in 
1970. The numbers of such fish in the season's migrant 
population and the timing of migration could mask this 
feature in some situations, but its occurrence appeared 
highly reliable. A reason for the early movement was not 
satisfactorily determined. Since kelts migrated seaward and 
returned to the rivers earlier than other groups, a relation
ship between time of out-migration and return could have 
existed. Data on timing of returns from March and May 
hatchery releases suggested such a relationship existed to a 
small degree (Table 3). It was conceivable, too, that large 
ingeminators may have been physiologically prepared for a 
spawning migration earlier than fish making their initial 
entrance. 
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Figure 16. Timing of entrance of repeat-spawning sea-run 
cutthroat into the Alsea estuary, by two-week periods, 
1970. 

Conformity of migration timing among rivers and between 
years 

Sea-run cutthroat were found to enter coastal rivers in 
two or three major groups, or runs, over the migratory 
period, although intermediate runs of lesser size were also 
noted. Appearance of these runs in the fishery area was 
determined by monitoring changes in angler catch rates on 
creel sampling dates. Intermittent monitoring of the 
fisheries prevented as precise a measurement of timing as 
would have been possible had all days been sampled, but a 
comparison of seine catches and angling data on the Alsea 
in 1969 and 1970 showed reasonably good agreement in 
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indicating periods of peak abundance. The influence of the 
runs on angling success was marked , and catch rates 
changed substantially within one or two-day periods. The 
1970 sea-run migrations in each river were the most 
unimodal of any during the study (Figure 14), a fact which 
may have been related to the late commencement of 
migration that year. 

Dates of occurrence of peak catches on the study 
streams were quite similar, indicating that groups of fish 
were entering all streams at approximately the same time. 
This feature is seen in Figure 17 by comparing the timing of 
runs in each stream for particular years. Why this cor
relation between streams existed was not readily apparent. 
Although it was again possible that it related to the times of 
peak spring out-migration, which were similar between 
streams, the very close relationship among streams of return 
timing lends doubt to this hypothesis. Equally imaginable is 
that environmental or physiological factors influenced the 
timing of stream entrance. Precipitation and tide influences 
were examined, but appeared to have no relationship with 
movements. Reasons for the similarity of entrance timing 
between streams needs further study. 

It was evident that cutthroat runs did not occur at the 
same times from year to year. It would have been of 
considerable benefit to anglers if the timing of runs were 
predictable. Although efforts to explain migration timing 
were unsuccessful, graphic comparison of study years did 
indicate broad periods of more frequent run occurrence 
(Figure 17). The first large movement occurred from about 
July 1 to August I, but with greater frequency from about 
July 15 to 30. When a run occurred early in the broader 
period (early July), another usually followed in late July. 
Angler catch rates indicated no major runs during the 
period August I 0-24. Then in contrast, a surprising number 
of runs occurred from August 24-September 6, centering on 
about August 31. This last feature was most evident on the 
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Figure 17. Timing of major summer and fall runs of wild 
cutthroat into estuaries of three coastal rivers, 1965-1970, 
as indicated in the angler catch. (Open diamond indicates a 
probable but unconfirmed run). 



Siuslaw River, although a run during this period on the 
Alsea might have escaped detection to some extent since 
salmon angling had partially supplanted cutthroat angling 
by that date. In the latter part of September and in 
October, decline of the cutthroat fisheries made it difficult 
to accurately measure changes in catch success. There was 
no evidence, however, of strong runs occurring past 
mid-September. 

Migration through the estuary 
As the distribution and length of residence of sea-run 

cutthroat in the estuary had the potential to greatly 
influence catch, characteristics of the environment were 
examined in order to relate them to the observed migration 
patterns. Results of these studies are presented later in the 
report. In brief, observations indicated that migration from 
the sea through the shallow, lower estuary was rapid , after 
which the fish held in the deeper , central portion of 
tidewater for varying lengths of time. A small proportion of 
the run passed upstream into freshwater soon after entrance 
from the sea, and others remained in the estuary for longer 
periods of up to four months or more. Relative numbers of 
fish in the two groups were not accurately determined, but 
tag studies and other observations indicated that most 
remained in tidewater. Numbers in each group may have 
been expected to vary among streams dependent upon 
physical factors (such as temperature) in the estuary (see 
section on distribution and movement). 

A separate indication of the limited extent of early 
movement into freshwater was seen at Sand Creek, a small 
coastal stream north of the Nestucca River, where a trap 
was operated %-mile above tidewater (Sumner, 1962). 
Although sea-run cutthroat were known to enter the small 
tidewater area in the normal July-August period, from 1947 
to 1949 only 1 of 267 migrants passed upstream through 
the weir prior to October, and peak movement was not 
until November. 

There was some circumstantial evidence indicating that 
the smaller, estuary resident cutthroat that migrated down
stream in the spring and achieved good growth returned 
upstream in the fall and perhaps spawned. Disappearance 
from the estuary, upstream movement of smaller, nonsea
run fish through traps (Lowry, 1965), and scale growth 
patterns suggested this possibility. 

Effect of schooling habits on migration 
The possible effects that schooling habits may have had 

on migrations should not be overlooked. A schooling 
tendency was observed for cutthroat in the estuary and sea 
throughout the study. Seining in the Alsea estuary in late 
spring produced nonrandom catches of smolts and kelts, 
but not parr, suggesting that schools were forming prior to 
seaward migration. Timing of appearance in the fall catch 
of straying hatchery groups entering streams other than the 
release stream indicated these groups frequently remained 
relatively intact at sea. Sea-run fish also entered the 
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Figure 18. Sea-run cutthroat seined from the Alsea estuary, 
August, 1969. Recent entrance into tidewater is evident 
from silvery appearance and presence of Caligoid copepods 
("sea lice"). 

estuaries in large schools, which appeared partially adhesive 
even after weeks in tidewater. It was felt that much of the 
migratory activity in the estuary and sea was school
oriented, and may have had survival value in the rigorous 
ocean environment. It seemed logical, for survival purposes, 
that schools would form prior to ocean entrance. 

Migration of hatchery stocks 
Hatchery fish liberated into the study rivers in spring 

months separated into two principal groups - those that 
migrated rapidly downstream to the sea, and a small group 
which remained for a time at or near the release site. Of all 
releases tested, migration out of the stream appeared from 
netting and scale analysis to be most rapid for the May 
groups. 

In 1970, downstream passage of May-released fish 
through the Alsea estuary was monitored at the Arnold 
Creek seine site. A release of 25,000 fish was distributed 
along the main stem between May 18 and 21 . Movement 
past the netting site peaked on May 22, and had subsided to 
a low level by May 28 (Figure 19). Continuous seining from 
late June until late July failed to recover more of the 
hatchery plant, signifying that few, if any, remained in the 
estuary. 

Only very small numbers of nonmigrating hatchery 
cutthroat were taken during the study, as well as a very few 
fish which had remained in the stream for a year before 
entering the sea. 

The timing of return of hatchery release groups to the 
estuary from the sea, regardless of month of release, was 
closely related to the migration timing of wild fish. Changes 
in angler catch rates for hatchery releases were nearly 



synchronous with those for wild stocks , indicating that 
incoming runs were composed of a mixture of stocks. 
Hatchery fish were poorly represented in the early runs in 
years when runs occurred before mid-July, but were 
common when initial runs appeared later. As with wild 
cutthroat, the 1970 upstream run of the May Alsea release 
was late and nearly unimodal, peaking about 100 days after 
spring out-migration. 
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Figure 19. Migration of May-released hatchery cutthroat 
trout through the Alsea estuary in 1970. (Black square 
indicates May 19-21 release period). 

Comparative timing of sea-run returns of March and May 
releases, as indicated in the angler catch, was similar in 
1966 and dissimilar in 1967 and 1968 on the streams 
studied. For seven comparisons of the two stocking periods, 
the mean date of catch of May-released fish (August 21) 
occurred an average of six days later in the fall than that of 
March stocks (Table 3). The disparity was hardly great 
enough to effect meaningful growth or catch differences , 
and indicated that earlier releases would do little to bring 
about earlier returns (or vice -versa). 

Straying of hatchery ·Stocks 
Substantial straying of returning sea-run hatchery cut

throat was first reported by Bulkley (1966) for a group of 
7,000 fish released into the Alsea River in March, 1965. 
Approximately 12 percent of the combined Alsea and 
Siuslaw River sea-run catch of the release was taken 
southward in the Siuslaw estuary that same fall. Northward 
straying could not be measured since the one May Siuslaw 
River plant was given the same mark as a May Alsea River 
release. It is probable that catches from both May releases 
were made in both estuaries. From 1966 to 1970, consider
able data on straying of hatchery stocks between study 
rivers was accumulated . Study of three rivers within an 
83-mile length of the Oregon coast provided a measure of 
direction and magnitude of straying. 

The apparent direction of straying of hatchery cutthroat 
was southward along the coast in four of the five years 
studied . In 1966, the majority of stray ing between the 
Alsea and Siuslaw rivers was northward , the result of an 
early summer movement of Siuslaw fish into the Alsea 
estuary. Although Siuslaw to Nestucca River st raying was 
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TABLE 3 
Mean date of sea-run catch of comparative March and May 

releases of hatchery cutthroat trout, three study rivers , 
1966-1968. 

Release month 

Stream and year March May 

Alsea 
1966 1 July 30 July 31 
1967 August 17 August 23 
1968 August 10 August 17 

Siuslaw 
1966 August 23 August 24 
1967 August 27 September 1 
1968 August 10 August 19 

Nestucca 
1968 August 17 August 30 

1Sampling terminated early on September 13 . 

not observed, all other movement combinations were 
recorded. The straying movements of fish from 23 separate 
release groups are summarized in Table 4, and magnitude 
and direction of straying for each stream's combined 
releases for all study years are presented graphically in 
Figure 20. For Alsea-Siuslaw com parisons, average south
ward straying was more than twice as extensive ( 18.4 
percent versus 8.8 percent) as northward movement. The 
distance between these two river mouths is 31 miles. More 
strays from the Nestucca occurred 52 miles south in the 
Alsea than 83 miles south in the Siuslaw , a probable effect 
of distance from the stream mouth. This relationship 
generally held for all distance comparisons. The greatest 
magnitude of straying for a single release occurred for the 
May, 1967, Alsea release , from which nearly 30 percent of 
the fall returns were taken in the Siuslaw fishery. 

Differences in total fall angling pressure between streams 
may have influenced straying values to some extent. Effort 
on the Alsea estuary averaged 80 percent and on the 
Nestucca 43 percent of that on the Siuslaw estuary. The 
differences, particularly between the Alsea and Siuslaw, 
were not believed to be overly influential in biasing straying 
results . 

The occurrence of clear, directional movements of 
cutthroat along the coast suggested that marine conditions 
such as ocean currents, rather than behavioral character
istics , contributed most to the amount of straying observed . 
It had earlier been suspected that large numbers of strays 
were the result of poor imprinting on the stream system , 
possibly because of the speed of out-migration after release. 
The earlier ideas regarding imprinting were supported by 
data which showed the later, faster migrating May releases 



TABLE4 
Straying movements of hatchery cutthroat stocks between three coastal rivers, 1966-1970. 

Stray direction and magnitude1 

Nestucca Nestucca Alsea Alsea Siuslaw Siuslaw 
to to to to to to 

Release Year Alsea Siuslaw Nestucca Siuslaw Alsea Nestucca 

March 1966 9.7 13.5 
1967 21.8 5.0 
1968 7.1 1.3 1.0 21.3 9.2 0 

April 1968 6.7 1.2 

May 1966 10.4 28.4 
(pre-season) 1967 29.4 5.6 

1968 3.1 8.1 0 24.4 5.3 0 
1969 1.9 0 0.6 10.8 2.5 0 
1970 21.7 7.6 

May 1969 0 15.9 1.7 0 
(in-season) 

June 1969 2.6 0 

Mean 4.3 2.1 0.4 18.4 8.8 0.0 

1Magnitude expressed as percent of total sea-run catch of each group that is taken in adjacent, monitored tidewater fisheries in the year of release. 

to be straying slightly more than March releases which held 
in the stream for a longer period. 

Limited evidence indicates that cutthroat trout do not 
range far offshore during their three-month ocean 
residence. Nearshore currents in this coastal area are not 
well understood nor systematically monitored from year to 
year, thus a correlation between current direction and 
velocity and straying direction and magnitude cannot be 
adequately tested. Bourke, et al., {1971) report general 
current patterns, but note that eddy flow and current 
reversals with tide and wind appear to be characteristic of 
the nearshore circulation, a situation which makes difficult 
the interpretation of fish movements. 

The Davidson current, a northward-flowing current, 
predominates along Oregon's coastline during winter 
months and at depths of 40 meters or more in summer 
(Mooers, 1970). A shallow, southward-flowing California 
Current is also formed during the summer by fairly strong 
winds from the North-Northwest which exert their 
maximum effect during June and July (Bourke , et al., 
1971.). This latter current is strongest during the period 
when cutthroat are most abundant at sea; when all 
out-migration is complete and upstream migration is just 
beginning. It is readily imaginable that feeding fish might 
drift with this current , usually southward, and be carried to 
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points more adjacent to other river systems prior to stream 
entrance. 

Bourke, et al., {1971) describe several reversals in flow 
direction five miles off Depoe Bay, Oregon, in August and 
September, 1966. Changes of this kind in circulation may 
have been responsible for the northward straying of 
cutthroat recorded in the early summer of 1966. It was 
possible, too, that the lesser straying of March-released fish 
might not have been the result of better imprinting prior to 
migration to sea, but of less-pronounced currents at the 
time of out-migration caused by generally weaker, more 
onshore winds earlier in the spring (Duxbury, et al ., 1966). 

Once straying of fish into the estuary of another stream 
took place, it was apparently permanent, even though many 
of the fish remained in tidewater for several months after 
entrance from the ocean. Bulkley {1966) speculated that 
straying of cutthroat into other estuaries might not 
represent true straying, but merely a temporary wandering 
or extension of the marine feeding area. This was ap
parently not the case, as tagged and otherwise marked 
strays were recaptured by net and anglers well into the fall 
and winter, and in areas far upstream in freshwater as spent 
fish the following spring. Only one of nearly 500 hatchery 
yearlings tagged as returning sea-runs in the Alsea estuary in 
1969 and 1970 was later reported in another stream; the 
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Figure 20. Straying direction and magnitude for hatchery 
stocks released and recovered in three stream systems on 
the central Oregon coast, 1966-1970. (Each arrow repre
sents the mean percentage of straying of from four to nine 
different release groups.) 

Siletz River, 36 miles to the north. 
Potential attraction by summer stream discharge is 

probably not significantly different becween the three 
study rivers, therefore probably not a factor in straying. 
For the three-year period 1968-70, the mean minimum 
summer discharge ranged only from 78 to 93 cfs on the 
rivers. 

No marked strays from hatchery releases were recovered 
from a sample of about 150 sea-runs taken in 1970 in Big 
Creek, a small stream midway between the Alsea and 
Siuslaw rivers. It is possible that streams considerably 
smaller than the release stream are bypassed by straying 
fish, as no marks were reported from such streams during 
the study. 

The influence of schooling behavior on straying may 
have been substantial at times. Schools of fish composed 
either of release groups, wild initial migrants, ingeminators, 
or others appeared to remain relatively intact in the estuary 
and ocean, as shown by net and angler captures from year 
to year. Most of the northward strays from the Siuslaw to 
the Alsea River in 1966, for example, entered the Alsea 
during a brief time span early in the season, apparently 
moving as a school. 

Unfortunately, straying among wild fish could not be 
assessed because of the low numbers of out-migrants tagged 
and tag losses at sea. Except for one tagged Alsea sea-run 
which dropped back to sea and entered the Yachats River 8 
miles south, no straying movements of tagged wild fish 
were observed. 

FEEDING 

Food habits of cutthroat in small tributaries of the Alsea 
River were studied by Lowry (1964), and were investigated 
in coastal lakes by Hansen (1963). Little additional work in 
freshwater was accomplished in this study. Foods of larger 
juveniles and adult fish in main stem and major tributary 
areas has received little attention, and is a subject for future 
research. 

Study of estuarine food habits of sea-run cutthroat was 
discarded early as an objective of the study, after it was 
learned that little or no feeding took place in tidewater in 
the summer and fall despite abundant food sources. 
Ninety-three percent of a sample of 82 stomachs from 
sea -run fish taken in the Siuslaw estuary in 1966 were 
empty. The remainder contained mostly unidentifiable 
material which probably represented remnants of food 
items ingested at sea prior to migration. Samples taken 
periodically from all estuaries after 1966 gave similar 
results. Like findings were also reported for anadromous 
brook trout (Salvelinusfontinalis) by Wilder (1952). 

Estuary feeding by downstream migrants in the spring 
was not examined initially because sampling from the 
angler catch was too time-consuming and other capture 
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techniques had not been developed. With the development 
of adequate sampling gear, limited data for downstream 
migrants was collected in 1970 from the Alsea estuary. A 
more complete food study was still hampered, however, by 
the relatively low numbers of cutthroat available and 
attendant need to tag and release as many fish as possible. 
Only an occasional fish exhibiting a full stomach was 
sacrificed for stomach analysis. 

Downstream migrants 
Stomachs taken from a cursory sample of 14 fish 

(103-241 rum) captured in April, 1966, near the head of 
tidewater on the Alsea River indicated the diet there was 
composed largely of insect larvae. Only a small amount of 
fish remains were present. Samples of juveniles of a similar 
size range taken in the central estuary 7 miles farther 
downstream in May and June, 1970, disclosed vastly 
different food sources. By far the major fooq item observed 
in stomachs was the sand shrimp (Crangon franciscorum). 
Second in occurrence in stomachs of small fish were other 
species of fish, including the northern anchovy (Engraulis 
mordax), young-of-the-year shiner perch (Cymatogaster 



aggregata) and Pacific herring (Clupea harengus pallasi} , the 
threespine stickleback (Casterosteus aculeatus}, and the 
staghorn sculpin (Leptocottus armatus). Insects constituted 
only a minor portion of the diet. A few larger cutthroat, 
including hatchery yearlings, were examined and contained 
larger fish such as Columbia River smelt (Thaleichthys 
pacificus), surf smelt (Hypomesus pretiosus), and perch 
species. Salinities were increasing in the central estuary 
during the sampling period, although none were recorded 
exceeding 20 ofoo. 

Spring seine samples from the estuary indicated great 
abundance of the major items found in trout stomachs, and 
it was obvious that parr, smolt and kelt cutthroat were 
actively feeding on this supply. Some kelts which had not 
yet migrated to sea by late May had achieved body 
condition equal to that exhibited later by fresh-run 
upstream migrants, overcoming before out-migration the 
loss experienced the previous fall and winter prior to 
spawning. 

Upstream migrants 
The cessation of feeding by sea-run cutthroat upon 

entrance into the estuary, indicated by stomach analysis, 
was also demonstrated by fall declines in coefficient of 
condition of fish in the angler catch. Seine recaptures of 
hatchery yearling and wild cutthroat tagged in the Alsea 
estuary in 1970, however , provided the best means of 
documenting the weight decline. The loss in body weight 
demonstrated by 56 fish (40 wild, 16 hatchery yearlings) 
after capture is shown in Figure 21. An analysis of variance 
indicated there was no difference in weight loss between 
wild and hatchery stocks. A regression line (Y = I .6339 + 
1.3069X) calculated from the data suggested an immediate 
weight loss corresponding to the first few days of residence 
in the estuary. 

The weight decline of cutthroat probably under
estimated slightly that which actually existed for the 
population, since some of the fish had entered the estuary 
earlier than the date of tagging. The rate of weight decline, 
however, may not have been far out of keeping with losses 
calculated by others for fish which had completed spawn
ing. Sumner (1962) noted a body weight loss of 30 percent 
for kelts migrating downstream through the Sand Creek 
weir in the spring, and Cramer (1940) a 38 percent loss as 
measured immediately after spawning. Sumner rightly 
suggested that resumption of feeding and weight gain may 
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Figure 21 . Decline in weight of recaptured sea-run cut
throat trout, caused by cessation of feeding upon entrance 
into the estuary from the sea, Alsea estuary, 1970 . 

have occurred prior to his spring measurements, but neither 
author accounted for losses experienced prior to their base 
measurements taken at weirs in the late fall . The total loss 
of weight of sea-run fish between stream entrance and 
spawning may normally exceed 40 percent. 

The implications of a feeding cessation by sea-run 
cutthroat following entrance into the estuary may be 
considerable. This characteristic, if it partially protects fish 
from intensive harvest which might occur were they feeding 
actively , could have survival value for the spawning stock. 
Unfortunately, a lack of active feeding probably adversely 
affects angling success. In this respect , the short duration of 
good success which accompanied the appearance of new 
runs in the estuary may have been as much a product of a 
brief carry-over of active ocean feeding traits, as of dispersal 
in the stream or some other factor. The feeding data also 
further confirm earlier statements that straying of hatchery 
stocks to other estuaries is not a temporary phenomenon 
caused by extension of marine feeding into the estuary. 

DISTRIBUTION AND MOVEMENT OF SEA-RUN CUTTHROAT IN THE ESTUARY 

Unlike fisheries for sa lmon and stee!head, angling for 
sea-run coastal cutthroat occurs almost wholly within the 
limited , central section of tidewater in Oregon coastal 
streams. The importance of this area to the fisheries 
necessitates an understanding of the environment as it 
relat es to cutthroat distribution and movement. Salinity 
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and temperature are known to be important and sometimes 
critical factors in the maintenance and distribution of many 
organisms in the estuary (Reid, 1961) . Tidal amplitude and 
variation in streamflow are sufficiently great to markedly 
alter the salinity and temperature gradients in the Alsea, 
Siuslaw and Nestucca Rive r estuaries. For these reasons. 



data on salinity and temperature were gathered for associ
ation with information on fish distribution and movement. 

Aside from the relation of estuary salinities to natural 
populations of cutthroat, data provide information on 
patterns which can be expected to exist at times when 
releases of hatchery stocks are contemplated for tidewater 
or upstream areas. In this regard, the rate and general 
magnitude of seasonal and tidal fluctuations are more 
important than the mean values commonly available. 
Coupled with knowledge of the species' salinity tolerance, 
an estimate of the effect of various salinities on released 
fish is possible. 

To construct gradient charts, bottom contours were 
obtained by following the main channel from the stream 
mouth to the head of tidewater at high tide, recording 
depth with a Furuno RF-2, SO kc recording echosounder. 
Depth readings were averaged to provide generalized longi
tudinal seCtions of each estuary. Salinity and temperature 
measurements were made at 1-mile length and S-foot depth 
intervals with a Beckman RSS -3 Portable Induction Salino
meter. Measurement intervals were reduced where rapid 
salinity changes occurred. Data were gathered at moderate
ly high and low tides during different seasons, and no 
attempt was made to document all variations or extremes 
produced by winter floods, exceptionally high or low tides , 
etc. Distribution of angling was determined from boat 
counts, and distribution of cutthroat and cutthroat catch 
was obtained from netting, tag returns and angler inter
views. 

Estuarine geometry, salinity and temperature 
Tidewater areas of the three streams were similar in 

general shape, having wide, shallow, lower bays and long, 
narrow, deeper upper segments. The Siuslaw, Alsea and 
Nestucca estuaries, for study purposes, were considered to 
be 22, 14 and 8 miles in length. Longitudinal sections 
indicated a deeper central section of tidewater which began 
near the point of upper constriction. This central section 
was shortest and most pronounced on the Alsea and 
Nestucca estuaries. Deepest areas within the upper estuary 
were typically found where the stream made a sharp turn. 
Below the constriction, where the bays broadened and 
current was dispersed, depth of the channel decreased 
markedly. 

Seasonal differences in salinity profiles at both high and 
low tides on each estuary were striking (Appendix Figures 
E-1 through E-4). During normal winter streamflows, the 
seawater wedge extended at most only a few miles 
upstream on both tide cycles, and the transition from fresh 
to salt water (> 30 ofoo) took place within a short 
distance. In summer, saltwater influence on the Alsea and 
Siuslaw reached throughout tidewater at high tide, and 
nearly so at low tide. On the Nestucca estuary, saltwater 
influence extended only about 4~ miles upstream on most 
summer tides. Summer transitions from freshwater to 
seawater were considerably more gradual than winter, 
particularly on the Alsea and Siuslaw rivers. It was apparent 
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that greater tidewater lengths resulted in more gradual 
salinity changes. Alsea spring gradients were intermediate 
between those for winter and summer. 

Despite the shallowness of estuary areas, density stratifi
cation of water was evident in all patterns and more 
pronounced at low than at high tide. Stratification was 
most evident on the Alsea, where on a summer low tide, 
surface and bottom readings of 1S ofoo were S ~ miles 
apart. Stratification was least evident in the Siuslaw on a 
summer h igh tide, suggesting little influence of upriver flow 
on the longer estuary. 

Temperature patterns on the Alsea and Siuslaw estuaries 
were similar, the Siuslaw tending toward a slightly higher 
mean temperature than the Alsea throughout the year. 
Highest summer temperatures were recorded from the 
upper estuary, 1 to 4 miles below the head of tide 
(Appendix Figures E-S and E-6). In contrast , temperatures 
in the Nestucca estuary were lower, and highest readings 
came from the extremely shallow, lower estuary, 1 to 2 
miles above the mouth. Summer temperatures varied 
greatly from stream mouth to head of tide, while winter 
temperatures were relatively uniform. Freshwater was 
generally cooler than salt water during the winter, causing 
temperatures to be slightly higher near the stream mouth. 
On the Alsea and Siuslaw, winter estuary temperatures 
averaged 44°F to S0°F (6.7- 10.0°C), generally 18 to 20 
degrees lower than summer means. 

The most pronounced changes in temperature on all 
estuaries occurred on summer high tides near the lower 
entrance to the constricted portion of the estuary. Steepest 
gradients were encountered on the Alsea and Siuslaw, 
where changes of l S °F (8 .4 °C) occurred in a three-mile 
stretch. High and low tide temperature differences on a 
particular day were slight in the upper estuary, but 
substantial in the lower bay . 

Relation of estuary environment to cutthroat distribution 
and movement. 

As stated, sea-run cutthroat apparently migrated rapidly 
through the shallow bays of all rivers, then held for varying 
periods in the narrow, deeper, central section of the 
estuary. Tag returns indicated that runs of fish from the sea 
migrated relatively intact to this area in the Alsea River, 
and that dispersal of spawners to upstream and downstream 
tributaries took place later in the fall. Tagging also showed 
that localized upstream and downstream movement of fish 
was common during their stay in the central estuary. 

Angling concentrated in areas where cutthroat were 
holding, taking advantage of the temporary residence of 
fish . Zones of heaviest angler concentration extended from 
4 Yz to 9Yz miles upstream from the sea on the Alsea, from 
7 Yz to IS miles upstream on the Siuslaw, and from 4 to 6~ 
miles upstream on the Nestucca River. It was apparent that 
angler and cutthroat distributions coincided with areas of 
greater mean depth , particularly on the Alsea and Nestucca 
where the length of these areas was more limited. 



In migrating to the central estuary, sea-run cutthroat 
passed through the major salinity and temperature changes 
on the Alsea and Siuslaw estuaries, and essentially the 
entire gradients on the Nestucca. Summer salinities in 
central tidewater holding areas of the Alsea and Siuslaw 
rivers generally fluctuated between 10 and 25 o/oo, 
depending on the tidal stage. Water temperatures ranged 
from about 65°F to 72°F (18.4 - 22.2°C). A freshwater 
environment and considerably more constant temperatures 
of about 56°F- 60°F (13.4 - 15.6°C) characterized the 
summer holding area in the Nestucca in 1968. 

Figure 22. View of the central Alsea estuary, typical late 
summer habitat for sea-run coastal cutthroat trout prior to 
fall rains. (Note proximity of dense vegetation to the 
shoreline.) 

Salinity changes appeared to have little effect on 
upstream-migrating cutthroat. Quick passage through the 
entire salinity gradient was evident on the Nestucca estuary. 
Perhaps the best indication of a negligible effect, however, 
is found in many smaller coastal streams inhabited by 
sea-run cutthroat, where no tidewater exists and the 
transition to freshwater is abrupt. 

Temperature was believed to be most influential of the 
estuary characteristics examined in influencing cutthroat 
migration and distribution. ' Fish migrating completely 
through the Alsea and Siuslaw estuaries would be subjected 
to a temperature change of about 30°F (16.7°C) in 
mid-summer, and supposedly would not enter nor remain 
for any period in the upper estuary where temperatures 
from 75-80°F (23.9-26fC) were commonly reached. High 
upper estuary temperatures probably provided an effective 
block to migration on these streams, and relatively few fish 
passed through to cooler sites in freshwater until later in 
the fall. The Siuslaw had the highest summer temperatures, 
which may partly explain why that fishery was more 
successful and lasted well into the fall. The Nestucca 
estuary, with a total gradient of only l5°F (8.4°C) and 
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maximum temperatures 10-l5°F (5.6-8.4°C) below those 
on other streams, might be suspected of being less effective 
in limiting migration. This view for the Nestucca was 
supported by evidence that (1) high catch rates were of 
shorter duration in the fishery, indicating possible rapid 
passage, and (2) larger numbers of sea-runs were present in 
pools above tidewater in the summer and fall. 

The influence of upper estuary temperatures in blocking 
cutthroat migration in the summer was supported by 
fishery and tagging data in the Alsea estuary. In 1969, 
angling success and seine catches of cutthroat (and salmon) 
in the Arnold Creek area declined sharply between 
September 17 and 19, concurrent with the first fall rain and 
an increase in main stem streamflow from 72 to 565 cfs. 
Temperatures had also dropped sharply in the central 
estuary. A large proportion of the salmonids had either · 
moved into upper tidewater above the fishery , or entered 
freshwater. As streamflow was substantial and interrelated 
with the temperature drop , identification of the factor 
most likely stimulating migration was difficult. 

In 1970, two less-appreciable fall increases in main stem 
flow occurred in the Alsea River, from 73 to 138 cfs 
between September 4 and 8, and from 73 to 153 cfs 
between September 17 and 21 . The increases had little 
effect on tidal flow in the central estuary. Maximum 
surface temperatures during this period at the Arnold Creek 
site, however, declined from 67°F to 60°F (19 .5 to 
15.6° C), then dropped sharply from 60°F to 54°F (15 .6 
to 12.2°C) between September 15 and 16. Some of the 
temperature decline was associated with an extended period 
of cloud cover which prevented solar heating of the surface 
waters. Net catches were unaffected by the first period of 
main stem flow increase, but declined to almost zero from 
September 15-17 coincident with the second flow period 
and sharp temperature decline. Net catches remained at a 
low level until seining terminated on October 20. Unlike 
the more extensive migration out of the fishery area in 
1969, many fish did not leave the estuary, but moved 
further upstream in tidewater. Significant numbers of 
cutthroat were still taken from tidewater by anglers until 
early October, but the average catch location shifted from 
9.0 to 10.5 miles upstream after September 17 (Figure 23). 

Only a partial relationship was suspected between 
cutthroat distribution and the deeper, central sections of 
each estuary. Migrants would not be expected to remain in 
the shallow bays, where much of the area was less than five 
feet deep on average low tides. Fish were thus restricted 
largely to the upper estuary. The entire length of the upper 
estuary was satisfactory as a sea-run holding area, as 
evidenced by fishery catches from upper areas in late fall 
(Figure 23). It was believed to be high temperature that 
primarily restricted use of upper estuary sections during 
July and August. 

The holding area of each estuary preferred by cutthroat 
in summer months was characterized by fairly long shoal 
sections which were interrupted by deeper pools normally 
occurring at turns in the estuary. On the Alsea, best angler 
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Figure 23. Distribution of tag returns by location for 143 
angler-caught cutthroat trout, Alsea estuary, summer and 
fall of 1970. (Light shading represents returns after 
September 17, when upper estuary temperatures declined 
sharply.) 

catches during the study years occurred along the shoal 
adjacent to Arnold Creek. Of five sites where beach seining 
was carried out, best net catches also came from the Arnold 
Creek shoal (Figure 3). This site constituted the shallowest 
stretch between river miles 6 and 10, ranging from about 9 
feet on moderately low tides to 15 feet on moderately high 
tides. Estuary maps supplied to Alsea anglers in 1970 for 
marking tag recovery locations revealed that other shoal 
areas also produced good catches, such as in the Dairy Barn 
stretch at river mile 7. 

In fall in the upper Alsea estuary, tag returns were not as 
noticeably correlated with shallow stretches. Whether or 
not central estuary shoal areas harbored more fish during 
July and August was not known. It may have been that 
shallow localities brought fish in closer contact with trolling 
gear which fished at a rather constant depth. Net catches 
might also have been biased, as in deeper sites fish may have 
escaped under the I 0-foot-deep seine. 

ANGLER EFFORT AND CATCH 

In addition to providing a measure of the contribution 
of hatchery-released cutthroat to the catch, fishery moni
toring furnished estimates of wild fish harvest in the three 
study rivers. On the Alsea, catch data were used in 
conjunction with a tagging program to determine the 
proportion of fall runs harvested by anglers. Total catch 
estimates obtained during the study were considered 
minimal, for some fish were taken almost year-round in the 
stream systems. 

Fishery magnitude and source of stocks 
Annual cutthroat fisheries on the Alsea, Siuslaw and 

Nestucca rivers were heavily prosecuted, considering the 
limited size of estuarine areas and brevity of spring angling. 
Between 1966 and 1970 anglers expended an average of 
53,377 hours annually to catch 13,760 cutthroat on the 
Alsea River (Table 5). On the Siuslaw River, an annual 
average of 57,084 hours were spent catching 12,426 
cutthroat from 1967 to 1970. For the years 1968 and 
1969, Nestucca River anglers required an average of 41 ,124 
hours to harvest 12,095 trout. 

Although annual averages of effort and catch for each 
stream were somewhat comparable, the streams exhibited 
wide differences in fishery emphasis. This fact served to 
increase the value of the study to management by providing 
a range of stream situations. The proportion of annual 
angler effort exerted during the brief spring fishery 
averaged 48 percent on the Nestucca, 26 percent on the 
Alsea, and only 8 percent on the Siuslaw. There were two 
principal reasons for the differences . First, spring fishery 
pursuit was more dependent than fall on one or two-day 
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visits from metropolitan areas, thus was proportional to the 
size and proximity to the stream of these areas. The densely 
populated Portland area utilized the Nestucca heavily in the 
spring, creating a very intensive spring fishery (Appendix 
Table D-2). Secondly, the magnitude of tidewater fisheries 
was in large part governed by the size of the estuary and 
seasonal extent of angling. The Siuslaw, largest estuary and 
most successful fishery of the three, received the greatest 
amount of angling pressure. The roles played by each of the 
two annual fisheries on the Nestucca and Siuslaw were 
reversed , while the Alsea was intermediate in both in
stances. 

Spring Fisheries 
The trout fisheries beginning in late May could be 

characterized as extremely brief and intensive weekend 
fisheries which partially exploited hatchery and wild stocks 
during their spring out-migration. On the Alsea and 
Nestucca rivers, these fisheries extended from main stem 
areas into the estuaries, while on the Siuslaw River a spring 
estuary fishery had not yet developed. Bank angling 
predominated upriver, and boat angling in tidewater. 
Because the spring fisheries were short, they were greatly 
influenced by weather conditions. Inclement weather and 
high water conditions just prior to or during opening 
weekend caused sharp reductions in both pressure and 
catch. 

The short-lived nature of spring fisheries is evidenced in 
Figure 25, which indicates that from 80 to 90 percent of 
the total weekend catch occurred on opening weekend. The 
Nestucca fishery declined even more rapidly than those on 



TABLE 5 
Estimated angler effort and harvest, Alsea, Siuslaw and Nestucca River cutthroat fisheries, 

1965-1970. 

Spring fishery 

Stream and Angler 
year hours Catch 

Alsea 
1966 14,885 9,810 
1967 17,887 13,555 
1968 7,996 5,777 
1969 13,862 8,936 
1970 14,554 10,594 
Mean 13,837 9,734 

Siuslaw 
1965 
1966 
1967 5,7~7 5,762 
1968 3,207 1,623 
1969 3,657 3,432 
1970 5,300 4,712 
Mean 4,473 3,882 

Nestucca 
1968 20,342 10,286 
1969 19,049 9,344 
Mean 19,696 9,815 

the Alsea and Siuslaw rivers. Angling pressure similarly 
declined, the drop somewhat less than that of catch at the 
end of the season as the rate of success lowered. 

Most influential in causing the sharp fishery decline was 
migration of fish out of the stream. Pre-season hatchery 
releases, as noted, migrated downstream quickly following 
liberation. Wild fish were also completing downstream 
migration during this period , and were frequently caught in 
tidewater as they formed schools prior to ocean entrance. 

Other factors contributing to the fishery declines prob
ably included reduction of fish numbers through catch, and 
a transition of angler interest to fisheries for other species 
elsewhere. 

Spring harvest on the Nestucca River averaged 9,815 
cutthroat, 89 percent of which were hatchery fish from 
experimental releases (Table 5). The Alsea catch averaged 
9 ,734 trout, of which 79 percent were hatchery stocks. The 
light Siuslaw fishery harvested 3,882 cutthroat, 73 percent 
of which were hatchery fish. Catch success was consistently 
higher during spring fisheries than during fall fisheries, 
which is understandable since spring angling was primarily a 
put-and-take type heavily dependent on hatchery stocks. 

The wild cutthroat catch was composed primarily of 
spent adults and juveniles, most of which would probably 

Fall fishery Annual total 

Angler Angler 
hours Catch hours Catch 

35,741 2,835 50,626 12,645 
37,179 3,651 55,066 17,206 
46,487 4,623 54,483 10,400 
36,156 3,809 50,018 12,745 
42,139 5,210 56,693 15,804 
39,540 4,026 53,377 13,760 

52,444 6,314 
39,497 5,217 
52,177 7,117 57,904 12,879 
51,831 9,574 55,038 11,197 
47,465 6,370 51,122 9,802 
58,972 11,115 64,272 15,827 
50,397 7,618 57,084 12,426 

23,072 2,819 43,414 13,105 
19,785 1,741 38,834 11,085 
21,429 2,280 41,124 12,095 
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have migrated to sea in the spring in which they were 
caught. Harvest of wild fish, and in particular kelts, was 
substantial on the Alsea River, where spring tidewater 
angling took many of. the actively feeding fish before they 
entered the ocean. A much lower proportion of spent fish 
was taken from the Siuslaw, primarily because of the lack 
of estuary fishing. Hatchery kelts from releases in former 
years in the streams also entered the catch in small 
numbers. A distribution of stock sources contributing to 
the spring catch in the three rivers is made in Table 6. 

Fall Fisheries 
Initiation and termination of fall troll fisheries for 

sea-run cutthroat varied from year to year, dependent on 
the timing of runs and development of tidewater salmon 
fisheries. Angling generally began in mid-July, peaked in 
August or early September, and declined through the 
remainder of September and October. Salmon normally 
entered the estuaries in August and angling for these larger 
salmonids gradually replaced effort for cutthroat until by 
mid-September cutthroat angling was usually a lesser part 
of the total estuary fishery. Despite poor salmon catches, 
and in spite of the presence of numerous cutthroat, some 
anglers pursued salmon very early in the season on the 



Figure 24. Late May angling on the Alsea estuary for 
downstream migrating cutthroat. Effort is concentrated in 
the same general area that is fished for sea-runs in the fall. 

Alsea, often only upon news that one or two early migrants 
had been caught. The cutthroat fishery extended further 
into, the fall on the Siuslaw, and the later transition to 
salmon angling was more abrupt. 

Extension of tidewater cutthroat and salmon fisheries 
into the fall was in large part dependent on rainfall and 
water temperature. A late fall period of cloud cover and 
rain which moderated upper estuary temperatures stimu
lated ascent into freshwater. 

Fall cutthroat fisheries exhibited rapid and wide 
fluctuations in catch rate caused primarily by the entrance 
of new runs into tidewater. The duration of high angling 
success coincident with run entrance was short-lived, 
normally lasting about one week (Figure 17). Several 
factors may have contributed to the catch decline, in
cluding reduction of feeding activity, dispersal of fish in 
tidewater, population reduction through catch, and some 
migration into freshwater. The fluctuating character of the 
fishery was confusing to the occasional angler, who often 
could not understand why he was so successful on one 
angling trip but not on another. 

The fall Siuslaw estuary fishery, largest of the three 
studied, harvested 7,618 cutthroat annually in 50,397 
hours of angling (Table 5). Alsea anglers yearly caught 
4,026 fish in 39,540 hours in the estuary. During two years 
of study, Nestucca tidewater anglers took an average of 
2,280 cutthroat in 21 ,429 hours of effort. 
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Figure 25 . Decline in weekend catch during the month-long 
spring cutthroat fisheries on three coastal rivers, 
1966-1970. 

Confidence limits (95 percent) on estimates of effort 
and catch averaged 18 and 30 percent, respectively, on the 
streams combined. The somewhat wide limits occurred 
despite the fact that half the days in the season were 
usually sampled. Seasonal trends, in particular the pul-

Figure 26. Limit catch of cutthroat taken in the spring 
Siuslaw River fishery by a party of three anglers. 



TABLE 6 
Distribution of total estimated cutthroat catch by stock source, spring trout fisheries, 1966-1970 . 

Wild fish 

Fishery Year Adults 1 Juveniles 

Alsea 1966 539 1,245 

1967 908 1,825 

1968 301 1,698 

1969 96 1,045 

1970 201 1,637 

Mean 409 1,490 

Siuslaw 1967 51 889 

1968 52 757 

1969 55 811 

1970 37 707 

Mean 49 791 

Nestucca 1968 108 892 

1969 121 1,094 

Mean 115 993 

I Fish larger than 300 mm were classed as adults. 

Hatchery fish 
Release river 

Alsea Siuslaw 

8,017 
10,782 16 
3,756 8 
7,779 8 
8,751 0 
7,817 8 

0 4,822 
0 814 
0 2,556 
0 3,968 
0 3,040 

0 0 
0 0 
0 0 

Nestucca 

8 

8 

0 

0 

9,280 
8,129 
8,704 

Other2 

9 

24 
14 
0 
5 

10 

0 
0 

10 
0 
3 

6 
0 
3 

2lncludes bo th known and unknown marks from streams other than study streams. 

sations in catch coincident with entrance of runs of fish , 
made reduction of variance to a lower level difficult and 
explained why catch variance was noticeably greater . 

In contrast to spring fishe ries, wild stocks usually 
contributed more heavily to the Alsea and Siuslaw tide
water catches than hatchery fish. During years in which 
experimental releases were made, wild fish (including 
estuary residents and sea-runs) contributed 61 percent of 
the catch on the Siuslaw , 55 pe rcent on the Alsea , but only 
34 percent on the Nestucca River. These figures suggested a 
larger wild population of sea-runs was present in the 
Siuslaw than in the Alsea or Nestucca rivers. Wild fish 
represented only 41 percent of the catch on the Alsea and 
50 percent on the Siuslaw in 1970, when large May releases 
totalling 25,000 in the Alsea and 30,000 in the Siuslaw 
were made. Record 1970 sea-run catches were attributed 
primarily to increased catches of hatchery cutthroat from 
these large , properly timed releases. 

Tidewater catches of cutthroat were typically a com
posite from many different sources , including initial and 
repeat-spawning hatchery and wild sea-runs , wild resident 
juveniles and a very few larger wild residents . A partial 
separation of the fa ll catches into different sources is 
presented in Tab les 7 and 8. Variety in the catch was 
attributab le in large part to survival of some spawners from 
year to year and to considerable straying of hatchery 
gro ups among rivers . A substantial number of unmarked 

hatchery fish (determined by scale analysis) consistently 
entered the catches, only some of whose origins could be 
specula ted . Occasionally, clearly marked hatchery fish 
appeared in the catch whose sources could not be identi
fied . 

The presence of wild juveniles in the estuary catch 
resulted from their spring migration into tidewater. 
Abundance of these fish from year to year appeared to 
depend on the amount of migration stimulus provided by 
late spring rainfall. By far the highest estimated catches of 
this group occurred in 1968 on each of the three streams, 
and in that year unusually heavy flows were registered in 
late May and early June. The contribution of these smaller 
fish to the catch appeared greater on the Alsea than on the 
Siuslaw River (Table 7). 

There was evidence of a disproportionate catch of wild 
initial and repeat-spawning fish , with angling centering 
more on maiden fish . For example, initial migrants com
prised 96 percent of the 1970 angler catch in the Alsea 
estuary , but only 87 percent of the beach seine catch over 
an indentica l period. The relationship was also evident on 
the Alsea in 1969 . The most likely explanation for this was 
that the early migration of ingeminators in to the estuary 
allowed many of them to reduce feeding activity or disperse 
in a period when angling pressure was light. Lower upper 
es tuary temperatures in early summer may in addition have 
permitted greater penetration into freshwater. As the catch 



TABLE 7 
Distribution of total cutthroat catch by stock source, fall estuary fisheries, 1966-1970. 

Wild fish Hatchery fish 

Sea-run Resident Release river 

Fishery Year adults juveniles Alsea Siuslaw Nestucca Unmarked Other 1 

Alsea I966 I ,529 48 760 474 24 0 
1967 2,323 96 943 176 63 50 
1968 2,419 234 I ,48I 192 105 149 43 
1969 2,028 54 1,562 31 30 104 0 
I970 1,989 129 2,I52 341 588 11 
Mean 2,057 1I2 1,380 243 68 186 21 

Siuslaw 1965 5,443 100 93 262 300 116 
1966 3,407 100 88 1,487 77 58 
I967 4,055 29 300 2,520 I89 24 
1968 5,636 142 462 2,968 36 267 63 
1969 4 ,383 0 228 1,503 0 248 8 
I970 5,506 34 608 4 112 607 248 
Mean 4,738 68 297 2,142 18 281 86 

Nestucca I968 684 207 12 0 I ,503 413 0 
1969 619 0 6 0 904 190 22 
Mean 652 104 9 0 1,204 302 I l 

1Includes both known and unknown marks from streams other than study streams. 

differences appeared to be significant , survival data based 
on angler catches were treated separately from less biased 
net or trap samples (see section on survival). 

Catch per unit of effort 
To provide a measure of the effect of hatchery stocking 

on angling success, and to indicate which fisheries typically 
produced the best wild cutthroat catches, catch rates were 
calculated for the two stock groups (Table 9) . Catch success 
for wild fish was highest on the Siuslaw River in spring and 

TABLE 8 
Contribution of segments of the wild cutthroat 

population to the fall estuary catch, three study rivers, 
combined data for 1966-1970. 

Segment of estuary 
population 

Resident juveniles 
Initial migrants 
lngeminators 

Percent of wild cutthroat catch 

Alsea 
River 

(n=805) 

6 
89 

5 

Siuslaw 
River 

(n=l ,425) 

2 
89 

9 

Nestucca 
River 

(n=158) 

17 
79 
4 

24 

fall and lowest on the Nestucca. Catch per angler hour for 
wild fish on the Nestucca River was little better than 
one-fourth to one-third of that on the Siuslaw during the 
study. 

Hatchery fish contributed averages of from 0.44 to 0.64 
fish per hour to the spring fisheries, with more intensive 
angling situations resulting in slightly lower success rates. 
The highest catch rate recorded for hatchery fish was 0 .84 
fish per hour on the Siuslaw River in 1967. Fall tidewater 
contributions of hatchery sea-runs averaged from about 
0.04 to 0.09 fish per hour, the Nestucca estuary exhibiting 
highest values. 

By standards for some other fisheries, sea-run cutthroat 
angling could not be considered highly successful. Over 
six-year periods on the Siuslaw and Alsea estuaries , it 
required 6.7 and 10 .8 hours, respectively, to catch one fish. 
For a two-year period on the Nestucca , the time required 
was 7.8 hours. These odds were improved upon con
siderably by anglers who minimized effort during slow 
periods and maximized effort during peak success periods. 
Anglers who lived near the fishery in summer, or main
tained contact with local sources on changes in the fishery , 
generally maintained higher success rates . 

Effect of time of release on total catch of hatchery stocks 
The objective "most efficient use of hatchery-reared 



TABLE 9 

Catch per angler hour, wild and stocked cutthroat trout, spring and fall fisheries, 1965-1970. 

Spring fishery Stream 
and 
year Wild Hatchery Total 

Alsea 
1965 
1966 
1967 
1968 
1969 
1970 
Mean 

.120 

.153 

.250 

.082 

.126 

.146 

.539 .659 

.605 .758 

.472 .722 

.562 .645 

.602 .728 

.556 .702 

Siuslaw 
1965 
1966 
1967 
1968 
1969 
1970 

.164 .842 1.006 

Mean 

Nestucca 
1968 
1969 
Mean 

.252 

.237 

.140 

.198 

.049 

.064 

.057 

.254 

.702 

.749 

.637 

.456 

.427 

.442 

cutthroat" was defined as being able to maximize returns of 
yea rling fish to either the spring or fall fisheries or both, 
whichever was most desirable. Emphasis was placed on the 
comparison of returns from March and May releases , and 
monitoring of both the spring and fall fisheries was required 
for adequate evaluation. Six replications of the March-May 
comparison were obtained on an annual basis, including 
three on the Alsea , two on the Siuslaw and one on the 
Nestucca River. Two January releases, one other March 
release, one April release , six other May pre-season releases, 
two end-of-May releases ,_ and one June release were also 
evaluated . 

May pre-season releases made during the week preceding 
opening of the spring fishery consistently resulted in higher 
spring fishery and total returns to anglers than releases 
made in any other period (Table 10). Average total return 
of May-released fish was highest on the Nestucca River (64 
percent) , followed by the Alsea River (50 percent) and tl1e 
Siuslaw River (31 percent). The high Nestucca ret urn was 
primari ly the result of more intensive sp ring angling on 
hat chery stocks prior to out-migration, and the lesse r 
Siuslaw return the result of low spring angler press ure. 
Highest to ta l return for a May release , 70 perce nt , occurred 
in 1968 on the Nestucca, and low est return , 26 percent , in 
196R on the Siuslaw River. The ret urn s from each 

.506 

.939 

.889 

.835 

.506 

.491 

.499 

Fall fishery 

Wild Hatchery Total 

.081 .006 .087 

.044 .035 .079 

.065 .035 .100 

.057 .036 .093 

.058 .035 .093 

.050 .055 .093 

.059 .034 .093 

.106 .015 .121 

.089 .043 .032 

.078 .058 .136 

.111 .073 .184 

.092 .042 .134 

.094 .095 .189 

.095 .054 .149 

.039 .084 .123 

.031 .101 .132 

.035 .093 .128 

experimental release group, by fishery and year, are listed 
and totalled in Appendix Tables D-4 through D-8. 

Although higher May returns were buoyed principally by 
spring catches, there was evidence that May releases 
contributed optimal returns to fall estuary fisheries as well. 
Based on the numbers estimated to be extant following the 
spring fisheries, returns to fall estuary fisheries (including 
known strays) were calculated for each rel~ase group. These 
data are presented in Table 11 and Figure 28. An ascending 
level of returns resulted from releases made up to the May 
pre-season period, followed by a sharp decline for late May 
and early June releases. The favorable return of the single 
April release tested (Nestucca , 1968) led to a question of 
whether April releases would have provided optimal fall 
returns . Lacking further April return data, it was believed 
that May was the optimal period of release , and that the 
May Nestucca returns were below what would be expected 
for a long-term average. The decline in fall returns from 
rel eases made following the third week in May might have 
reflected either reduced migratory activity or stimulus at 
rel ease or during the downstream migration , or a later, less 
exploited upstream movement. 

For a, broad scale of streams along the coast , May 
pre-seaso n stocking may be expected to out -perform March 
releases by more than doub le, based on study findings. 



Figure 27. Mixed catch composed of an adult silver salmon, 
salmon jacks and sea-run cutthroat, Alsea estuary fishery. 

Considering the three study rivers together, the average 
return for March releases was 22 percent and for May 
releases 48 percent. The six replications of the March and 
May releases are compared in Figure 29. 
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Figure 28 . Relationship between the time of release of 
hatchery cutthroat and the fall angler catch as sea-run fish, 
three study rivers, 1966-1970. (Return proportions 
calculated from estimated downstream escapement.) 
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Figure 29. Comparative return of March and May releases 
of hatchery-reared cutthroat released in three streams 
between 1966 and 1968. (Dark shading represents spring 
catch, light shading the fall sea-run catch and dashed line 
the mean return.) 

TABLE10 
Estimated total percent returns from releases of 

hatchery-reared cutthroat, three study rivers, 1966-1970. 

Release 
stream 
and year 

Alsea 
1966 
1967 
1968 
1969 
1970 

Mean 

Siuslaw 
1966 
1967 
1968 
1969 
1970 

Mean 

Nestucca 
1968 
1969 

Mean 

Percent return by release period 

May 
Pre- In· 

January March April season season June 

0.6 28.7 61.2 
37.5 55.2 
16.9 39.5 

45.9 27.2 
45 .7 

0 .6 27.7 49.5 27.2 

1.1 
22.1 36.6 
12.2 25.7 

32.3 15.7 
28.6 

1.1 17.1 30.8 15.7 

14.9 27.5 69.7 
58.8 19.7 

14.9 27.5 64.3 19.7 



TABLE II 
Estimated percent return to all tidewater fisheries of 

released fish escaping the spring fisheries (for the year of 
release only), study rivers, 1966-1970. 

Release 

stream 
and year 

Alsea 
1966 
1967 
1968 
1969 
1970 

Mean 

Siuslaw 
1966 
1967 
1968 
1969 
1970 

Mean 

Nestucca 
1968 
1969 

Mean 

Percent return by release period 

January March April 

0.2 5.7 
8.1 
9 .5 

0.2 7.8 

0 .3 
13.7 
10.9 

0.3 12.3 

7.5 9.2 

7.5 9.2 

May 
Pre- In-

season season 

9.1 
8.2 

14.2 
11.4 
16.6 
11.9 

11.7 
19.3 
11.0 
17.4 
14.9 

7.1 
9.0 
8.1 

9 .0 

9.0 

12.2 

12.2 

Vuh1erability of hatchery stocks to angling 

June 

6.5 
6.5 

Through tagging experiments on the Alsea estuary, 
sea-run hatchery cutthroat were found to be considerably 
more vulnerable to angling than wild fish. In 1969, more 
than 39 percent of the tags placed on 77 hatchery fish from 
two release gro ups were returned by anglers, compared with 
a IS percent return of 419 tags attached to wild fish 
(Figure 30). In 1970, 31 percent of 337 hatchery tags were 
returned compared with an 11.4 percent return of 883 tags 
from wild fish. In each year, the percentage return of 
hatchery fish was 2.7 times that of wild fish. The more 
extensive 1970 data suggested an even greater vulnerability 
of hatchery stocks at the outset of the fishery, which 
declined gradually through the season. Substantial catches 
of hatchery stocks, indicated by tag returns, might have 
reduced their numbers significantly by late season and 
altered a potentially greater difference in vulnerability. 

A small amount of data for older hatchery fish on a 
second spawning migration indicated vulnerability may still 
have been above the levels for wi ld fish. Four of 16 (25 
percent) tags were returned in 1969, and 3 of 12 (25 
percent) in 1970. 

Several factors were examined, without success, in 
efforts to explain the difference in catchabil ity between 
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wild and hatchery stocks of cutthroat. There were no large 
differences in timing of migrations which could cause the 
observed disparity. The mean size of hatchery fish was 
smaller than for wild fish, and it was speculated that larger 
fish might not be as easily boated by anglers. Comparison 
of length distributions from net and angler catches, 
however, indicated that only very large fish tended to 
escape the fishery. It was also hypothesized that if hatchery 
stocks were feeding more actively than wild fish , a catch 
differential might result. Data from recaptured fish , how
ever, confirmed that no feeding difference existed between 
the stocks (Figure 12). 

The catch disparity between hatchery and wild fish may 
have resulted from some indeterminate factor in the 
background of hatchery stocks. Skeesick (1965) found 
evidence of a greater immediate vulnerability of stocked 
cutthroat when compared with rainbow trout released at 
the same time in a lake environment. It is speculated that 
this characteristic contributed to high returns obtained in 
the spring fisheries in this study , carried over into the fall as 
fish returned from the sea, and may also have influenced 
catchability of older hatchery fish on subsequent spawning 
migrations. 
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Figure 30 . Fall angler returns of tags from 1,716 wild and 
yearling hatchery cutthroat tagged as sea-run fish in the 
Alsea estuary, 1969 and 1970 . 

Effect of numbers released on fall fisheries 
Knowledge of the effects different release numbers exert 

on fall sea-run cutthroat fisher ies might prove of value in 
the management of coastal streams, especially where 
protection of the spawning stock may be contemplated. 



Figures 3 1 and 32 were constructed to show the influence 
of May release numbers on fall catch ratios and catch totals. 
To isolate effects, catches of fish other than wild and May 
stocks were excluded from the calculations. An estimate of 
the spring catch was also needed to calculate the potential 
downstream escapement. For the three rivers, average 
spring harvest of May-released fish was 6 I percent on the 
Nestucca, 42 percent on the Alsea and I 8 percent on the 
Siuslaw River. 

The effect on fall tidewater catch composition of 
releases totalling I 0 to 30 thousand fish was substantial 
(Figure 31 ). Influence was greatest on the Nestucca River, 
where a downstream escapement estimated at 6,000 hatch
ery fish contributed 45 percent of the fall sea-run catch in 
1969. Results were intermediate on the Alsea, where an 
out-migration of over 16,000 fish contributed about 5 I 
percent of the fall catch. A spring escapement of more than 
25,000 fish on the Siuslaw in 1970 provided 42 percent of 
the tidewater catch. These results were considered a 
reflection of the relative size of wild cutthroat populations, 
indicating lowest numbers on the Nestucca, intermediate on 
the Alsea, and highest on the Siuslaw. It should be noted in 
these calculations that the size of each wild population was 
not a reciprocal of the hatchery fish population because of 
the difference in vulnerability between stocks. 

The approximate sea-run catch in numbers is related to 
the number of May release out-migrants in Figure 32 . An 
escapement of about 9,000 to I 0 ,000 hatchery smolts, for 
example, resulted in an average fall return near 1 ,000 fish 
under existing levels of angling intensity. 
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Figure 3 I. Influence of the number of out-migrant hatchery 
cutthroat from May releases on fall sea-run fisheries for 
three coastal rivers, 1966-1970. Catches of other test 
releases are excluded. (Lines fitted by eye .) 
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Figure 32 . Relationship between the number of out-migrant 
hatchery cutthroat from May releases and fall sea-run catch 
on three rivers , 1966-1970. (Line fitted by eye.) 

Level of harvest of spawning stocks 
Tag returns from all fish caught by anglers could have 

provided an accurate measure of explo itation rates for 
different stock groups in the 1969 and 1970 Alsea estuary 
fisheries. All tags recovered were not returned , however , as 
evidenced in fishery data and by field observations, and 
harvest estimates were therefore less precise. Estimates of 
the tag catch made during fishery sampling were available, 
but the catch following this period was less adequately 
determined. 

The overall harvest of Alsea sea-run cutthroat in 1969, as 
indicated by tag returns, was 19 percent. Estuary catch 
totalled 16 percent , and the remainder was taken upstream 
in freshwater . Harvest of tagged wild fish was estimated at 
15 percent, while the average harvest of two groups of 
hatchery yearlings was 39 percent. Tagged fish reported by 
anglers through the census period , though, represented only 
62 percent (68 tags) of the estimated tag catch for the same 
period. Clearly many tags were not returned. An expansion 
of final tag returns (97 tags), based on a 62 percent turn-in , 
suggested a total annual harvest near 30 percent and a wild 
harvest near 24 percent of the population . Although these 
totals did not seem unreasonable, expansion of the hatch 
ery return data indicated a harvest of about 62 percent, 
which suggested possible overestimation. The estimate of 
tag catch was perhaps high, as it was based on a random 
catch sample of only 12 tagged fish. The amount of the run 
harvested , however, was still believed to be above that 
discussed next for 1970. 

Improved advertisement of the tag program and more 
extensive data provided greater confidence in the 1970 
estimates. Tag returns indicated a minimal overall harvest of 
17 percent, 15.5 percent of which occurred in the estuary 



and the remainder in freshwater. Wild fish harvest based on 
tag returns was 11.4 percent, and harvest of hatchery 
yearlings was 31 percent. The estimated turn-in of tags, 
from fishery sampling, was 74 percent. Subsequent expan-

sion of total tag returns for 1970 suggested a harvest of 
approximately 23 percent of the total run, including 16 
percent of the wild fish and about 42 percent of the 
yearling hatchery stocks. 

GROWTH, AGE, AND LENGTH OF CUTTHROAT 

Age and growth characteristics of wild sea-run cutthroat 
trout populations are not well known for major rivers along 
the Oregon coast. Sumner ( 1962) has provided most of the 
information to date for sea-run fish, but his studies involved 
a rather small stream, Sand Creek. On larger streams 
intelligent management, necessary to insure perpetuation of 
the fisheries, requires a knowledge of age and growth 
characteristics of wild populations. The growth of hatchery 
cutthroat following release is also an integral part of the 
evaluation of stocking programs. 

Early stream growth of fish captured as sea-runs was 
calculated, as results of studies on small tributaries (Lowry, 
1966; Cooper, 1970) have risked the possibility of growth 
not being representative of that of typical migrants. Coastal 
cutthroat rear in freshwater for several years, and older fish 
which may remain in small tributaries could exhibit 
atypical growth that would lend bias to measurements 
taken solely from those areas (Chapman, 1965). Stream 
growth was also emphasized because previous data for 
sea-run fish (Sumner, 1962; Bulkley, 1966) were based on 
calculations obtained through use of the direct proportion, 
rather than body-scale method. Hile (1970) noted that the 
direct proportion means of back-calculating growth was not 
always appropriate. 

Growth of cutthroat in the estuary and sea was studied 
as this had not previously been adequately determined for 
the species. 

Procedures used in growth and age determinations 
Scales, length and weight were collected from cutthroat 

in the angler catch to determine age and calculate growth. 
Tagging studies in the Alsea estuary yielded additional 
samples, including estuary resident juveniles and ingemina
tors which were uncommon in the angler catch. Scales were 
mounted in a medium consisting of waterglass (sodium 
silicate) and glycerine in a mixture of 9:1. Scale measure
ments were made using a scale microprojector (magnifica
tion 88 diameters). 

Samples of cutthroat trout fry were taken from the 
Alsea River watershed by electrofishing to fix the time of 
scale formation. Skin tissue was examined for presence or 
absence of scale platelets after differential staining with 
Alizarin red. Young fish were found to form scales at a fork 
length of 35 mm. Cooper (1970) reported scale formation 
at 36 mm for cutthroat in Chef Creek, a British Columbia 
stream. 

The body-scale relationship of cutthroat in the Alsea and 
Siuslaw rivers was determined, and a nomograph con-
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structed from the relationship (Lowry, 1951 ). Samples of 
fish from the full size range (excluding ingeminators) were 
obtained from the Alsea watershed by electrofishing, 
netting and catch sampling. Fish which had made previous 
spawning migrations were unsuitable for use because of 
former scale-edge resorption. Anterior radii of scales were 
measured and averaged for three scales from each of 361 
fish. The data were grouped, and a line drawn freehand to 
conform with the values (Figure 33). The resulting curvi
linear relationship approximated in shape that described by 
Bulkley (1961) for Yellowstone Lake cutthroat (Salmo 
clarki lewisi). Data from Siuslaw River cutthroat (size range 
200-350 mm) were also graphed and were similar to the 
Alsea curve. From the projected scale image, annuli and 
point of ocean entrance were marked on paper strips used 
with the nomograph in calculating lengths at various life 
stages. 

120 

100 

i 
~ 

"' 
80 

"' 
<f> 60 ::> 
i3 
;i 

"' 40 
0 

~ 
z 

20 "' 

50 100 !50 200 250 300 350 400 

FORK LENGTH ( MM I 

Figure 33. Body-scale relationship of 361 wild cutthroat 
trout from the Alsea watershed. 

Stream growth 
Stream growth increments were calculated from a 

random sample of 1 ,364 sea-run cutthroat collected 
throughout the study from estuary fisheries on the three 
rivers. Growth was determined for 483 fish on the Alsea, 
782 on the Siuslaw and 99 on the Nestucca. A summary of 
the calculations is presented in Table 12. 

An obvious feature of the growth data was a decrease in 
calculated lengths at each year of life as age of initial 
migrants increased. The relationship has commonly been 
attributed to selective mortality of faster growing fish 
(Bulkley, 1961), but in this instance the differences 



appeared to be the result of different growth ra tes among 
life history types. Older fish in the samples were slower 
growing, apparently requiring more years to reach smolt 
size or disposition. Selective mortality was questioned as a 
factor influencing growth calculations, since most wild fish 
caught annually were either equally available to the angler 
(sea-run fisheries) or completely unavailable (at sea) in 
various stages of adult life. Spring catches of juvenile fish 
were not believed to be sufficiently extensive to signifi
cantly affect calculated growth through selective mortality. 

tion) and cu rvilinear (true body-scale relationship) lines on 
which calculations were based , divergence was most no tice
able at about the first year of life. After th is age, estimated 
growth was more uniform between the two techniques 
used . Second-year growth was calculated to be 58 mm on 
the Siuslaw and 57 mm on the Alsea . 

Previous stud ies utilizing sea-run cutthroat in growth 
determina tions failed to document the considerable growth 
achieved by juvenile fish in the spring prior to ocean 
entrance. Although stream and estuary growth were usually 

TABLE12 
Calculated fork lengths in millimeters of wild sea-run cutthroat trout of their initial spawning run, 

Alsea, Siuslaw and Nestucca rivers, 1965-1970. 

Number 
Freshwater of 

Calculated lengths at 
successive annuli 

Length at Length 
ocean at 

age fish 

Alsea 
II 54 65 
Ill 253 58 
IV 144 55 
v 32 51 

Siuslaw 
II 100 60 
III 472 53 

2 3 

140 
117 
104 
94 

140 
110 

186 
170 
154 

177 

4 

226 
208 

5 entrance capture 

210 300 
227 324 
253 345 

260 282 362 

210 309 
225 323 

IV 181 50 100 163 217 253 344 
v 29 48 86 

Nestucca 
II 34 63 142 
III 37 58 117 
IV 25 52 100 
VI 3 

1Insufficient sample size 

First-year growth of cutthroat averaged 53 mm for the 
Siuslaw River population, and 57 mm for the Alsea and 
Nestucca populations (Table 12). The values were well 
below direct proportion calculations for this latitude made 
by Sumner (1962) and Bulkley ( 1966), and length fre
quency calculations made by Lowry (1 964 ). The Alsea 
mean , however, conformed well with other data presented 
by Lowry (1966) for a sample of juvenile fish from Deer 
Creek, an Alsea tributary. His graphed data indicated a 
leveling of growth at 57 mm near the date of formation of 
the first annulus. 

The difference between this and former studies in 
calculated first-year growth was believed related to the 
method of back-calculation. Use of the direct proportion 
method apparently overestimated growth at least during the 
first year. In a comparison of the straight (direct propor-

139 197 246 279 361 

210 299 
183 234 316 
169 222 257 320 
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indistinguishable on cutthroat scales, a line of demarcation 
was nearly always evident to identify the point of ocean 
entrance and allow calculation of spring growth. Two types 
of error were apparently made in some previous scale 
stud ies, each of which resulted in omission of spring 
growth. In one case, a band of rapid spring grow th was 
included with sea growth, resulting in co rrect age but 
inco rrect growth assignment. In the other, more se rious 
case, the spring increment was given the status of a 
complete year of growth , which resulted in an erroneous 
age , erroneous stream growth , but correct ocean grow th 
determination. The second case was understandable in that 
growth of some cutthroat began early in the year and was 
actually slowing by the time of seaward migration , giving 
the scale what appeared to be an additional annulus. In 
many cases the demarcation line at ocean en trance was as 



pronounced as the annuli preceding it , lending difficulty to 
the decision of whether there had been new growth before 
ocean entrance. In cases of this sort it was assumed that 
spring growth was present, as almost .all fish achieved at 
least some growth prior to migration. Instantaneous rates of 
growth calculated for Alsea cutthroat by Lowry ( 1966) 
supported the findings, indicating early growth inception, a 
spring peak, and some decline by the month of May. 

Spring growth of cutthroat smolts in the year of 
out-migration, probably gained largely in major t ributary , 
main stem and estuary area averaged 39 mm on the Alsea 
and 4 7 mm on the Siuslaw River. Growth was higher on the 
Nestucca, but data were suspect because of the small 
sample size. Two-year-olds gained about 70 mm on each 
stream, equalling prior yearly increments of stream growth. 
Spring growth was correspondingly less for older smolts. 

The achievement of rapid spring growth prior to ocean 
migration was attributed mainly to favorable conditions, 
such as food and temperature , in the main stem and 
estuary. F. Sumner (Oregon Game Commission) noted that 
good growth of smolt size cutthroat may have been related 
to the attainment of a size at which pisciverous activities 
could be fully utilized. A better understanding of the 
feeding characteristics of this group of fish is needed . 

Comparison of Alsea and Siuslaw River growth (Table 
12) indicated a faster growth rate for Alsea cutthroat 
during the majority of stream life . Calculated lengths were 
consistently greater at each year for the different age 
groups, and by the time of formation of the last stream 
annulus , the Alsea population was 14 mm larger than the 
Siuslaw population (198 mm versus 184 mm). This advan
tage, however, was largely overcome by Siuslaw River fish 
in the spring of ocean migration, when the length gain was 
. 8 mm above that on the Alsea . A spring growth advantage 
for smolts in the Siuslaw was conceivable, for the river 
possessed a broad, shallow, warmer main stem and a 
warmer, more extensive estuary. 

Stream growth in the Nestucca River appeared similar to 
that in the Alsea, although the data were limited . There 
were indications that spring growth of smolt cutthroat was 
highest on the Nestucca, but again the data lacked 
conclusiveness. 

Growth of juvenile cutthroat in the estuary 
Since no means were found to separate stream and 

estuary growth on cutthroat scales, catch samples failed to 
provide information on estuarine growth . Recaptures of 
tagged parr which had migrated into the Alsea estuary in 
spring furnished some records of the amount of growth 
attained. Parr did not appear in the central estuary until 
late April , well after growth in the stream had been 
initiated . Tagging of this group was not begun un til late 
May, thus growth in the first month of estuary residence 
was not ascertained . When sea-run fish appea red in the 
estuary in late July , net mesh size was increased , thereby 
allowing most of the parr to escape. These fac tors pre-
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vented determination of estuary growth over the complete 
season . 

Thirty cutthroat parr were captured a total of 87 times 
in the Alsea estuary between May 25 and October 20 , 
1970. The number of captures of individual fish ranged 
from 2 to 9 over periods of from 3 to 139 days. Length 
gains ranged from 0 to 40 mm, and the average gain during 
the period was 0 .5 mm per day . Growth rate varied 
considerably among fish ; three fish in the sample grew from 
1.1 to 1.3 mm per day for periods of from two to five 
weeks, while others grew little. Periodicity of growth also 
varied between individuals, as shown through back calcula
tions and recapture data. One parr , for example , was 
calculated to have gained 56 mm of spring growth prior to 
capture on May 14, yet gained only 13 mm more by 
September 30. Another was calculated to have added only 
16 mm of new growth prior to capture on July 23 , but then 
grew 29 mm between July 23 and September 6 . 

Handling and tagging appeared to have no adverse effect 
on growth of parr , as had been demonstrated with young 
Atlantic salmon(Salmo salar) by Power and Shooner 
(1966). There was no indication of reduced growth after 
frequent handling, nor was there an apparent effect of 
tagging on subsequent behavior. Cutthroat parr were larger 
than Atlantic salmon, however, and tagging of larger fish 
may have been less traumatic. Processing of recaptured 
cutthroat was believed to have a minimal interruptive effect 
on the individual fish. 

Ocean growth 
Ocean growth of initial upstream migrants was deter

mined by comparing calculated lengths at ocean entrance 
(Table 12) with lengths at capture as returning sea-run fish . 
The method was valid since a cessation of feeding (and 
growth) occurred upon entrance into the estuary from the 
sea. Lack of estuary growth by sea-run fish was evidenced 
in that 59 fish, recaptured an average of 14 days after 
tagging in the estuary, increased an average of only 1 mm in 
length. 

As expected , ocean growth was similar among river 
populations. Growth averaged 94 mm for the Alsea 
population and 95 mm for the Siuslaw population. The 
small difference was the result of an unexplained difference 
of 9 mm between fall capture lengths of two-year-old fish 
(Table 12) . There appeared to be a carry-over of stream 
growth rate differences into the sea, as ocean growth 
declined slightly for older classes of initial migrants. All 
growth increments were below the 114 mm estimated for 
Siuslaw cutthroat by Bulkley (1966), indicating his inclu
sion of some spring stream growth. 

Only three downstream migrating smolts tagged in the 
Alsea estuary were recaptured as sea-run fish to verify 
ocean growth estimates. Data for these, however, ap
proached tha t calculated from scale measurements. Two 
tagged four-year-olds grew an average of 82 mm at sea , one 
having spent an additional period in the estuary after spring 



tagging. A three-year-old gained only 72 mm at sea, but this 
fish was tagged late in the migratory period (May 21) and 
was relatively small at fall capture {283 mm). The three 
were recaptured after intervals of from 94 to 96 days, and 
as they were relatively recent entrants at recapture, the 
period of ocean residence may have been near three 
months. The rate of ocean growth for sea-run populations, 
based on a three-month residence, would be equal to about 
1 mrn per day. 

Annual growth (combined stream, estuary and ocean 
growth) in the year of first ocean entrance was much 
greater than in any other year of life . Growth averaged 132 
mm for Alsea fish and 143 mm for Siuslaw fish . Two-year
olds gained 160 and 169 mm, three-year-olds 138 and 146 
mrn, four-year-olds 119 and 127 mm, and five-year-olds 
102 and 115 mm, respectively, on the Alsea and Siuslaw 
rivers. 

Annual growth of ingeminators, which was attained 
almost entirely at sea, declined significantly each successive 
year {Table 13). This was expected, as the loss of growth 
time and body condition between times of estuary entrance 
and spawning was great. Little feeding probably occurred 
throughout upstream migration and spawning {about 5-6 
months), and the loss of body weight may easily have 
exceeded 30 or 40 percent (Cramer, 1940; Sumner, 1962). 
Following spawning the fish had to regain body condition, 
as well as add size, in a relatively short period before a 
subsequent spawning migration. 

Calculation of annual growth increments after spawning 
was done by comparing mean capture lengths of combined 
samples of fish on successive spawning migrations. Growth 
in the full year following an initial spawning migration (for 
combined river populations) was 70 mm, about half the 
previous annual increment {Table 13). Length gain between 
second and third spawnings dropped to 38 mm, between 
the third and fourth spawnings to 27 mm, and between 
fourth and fifth spawnings to 17 mm. 

-----

Figure 34. Cutthroat kelt captured during spring Alsea 
estuary seining operations. {Note typical healthY ap
pearance aside from weight lost during upstream migration 
and spawning.) 

Age structure of cutthroat populations 
Knowledge of age composition of wild cutthroat popula

tions was gained to compare survival rates, determine 
condition of the stocks, and to provide a basis for contrast 
with other streams. Comparative survival and trends in the 
age structure of sea-run populations were believed to be 
partly related to angling mortality, and some measure of 
harvest effects were sought from age analyses. 

Large variations in year-class strength were not sus
pected , considering the length of freshwater life and the 
general lack of inimical natural phenomena in the coastal 
region studied. For this reason, some age distributions were 
summarized for the entire study period {6 years) to increase 
accuracy. 

The age structure of smolt and initial spawning migra
tions was largely obtained from analysis of the sea-run 
catch. Provided there was no excessive straying or differen-

TABLE 13 

Freshwater 
life (years) 

2 
3 
4 
5 
u• 

Mean 

Length at capture by life-history type and spawning migration of combined Alsea, Siuslaw and 
Nestucca River sea-run cutthroat, 1965-1970, in millimeters (sample size in parentheses). 

Spawning migration 

2 3 4 

305(188) 387{21) 429{6) 454{2) 
323{762) 398{68) 433{37) 457{6) 
343{350) 409{20) 440{15) 471{3) 
362{ 61) 427{ 3) 434{ 1) 
329{454) 396{40) 438{15) 465{1) 
327{1,361) 397{152) 435{74) 462{12) 

1Freshwater age undetermined. 
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483{2) 
477(4) 

479{6) 



tial mortality among age groups during ocean residence, age 
composition (age groupings) of smolts entering the sea 
should have been identical to that for initial upstream 
migrants . This approach was also based on a conviction that 
no overwintering at sea took place for the populations 
studied . 

Wild fish on their initial spawning migration varied in age 
from two to five years on each river. Three-year-olds were 
most abundant, followed by four-year-olds on the Alsea 
and Siuslaw rivers and two-year-olds on the Nestucca (Table 
14). The small Nestucca River sample size (n=99) again 
rendered the data inconclusive. Recruitment to the smolt 
migrations was essentially complete at four years of age , 
and few fish remained in the stream past that time . Placing 
the date of emergence from the gravel at April 1 (Lowry, 
1964) , mean chronological ages of the smolt migrations 
were 3.4 years on the Alsea and 3.3 on the Siuslaw. This 
compared with a mean age of 3.7 years on Sand Creek 
(calculated from data by Sumner, 1962), indicating possible 
differences in growth rate between populations. 

TABLE 14 
Age distribution of initial migrants in the fall sea-run 

catch, Alsea, Siuslaw and Nestucca rivers, combined data 
for 1965-1970 . 

Sample 
Percent in age group 

River size II+ Ill+ IV+ V+ 

Alsea 483 11.2 52.4 29.8 6 .6 
Siuslaw 782 12.8 60.4 23.1 3 .7 

Nestucca 99 34.3 37.4 25.3 3.0 

Distributions of ages of both parr and smolt migrations 
were obtained for the Alsea River from beach seine data. 
Criteria used to distinguish the two groups included silvery 
appearance or parr marks, coefficient of condition, timing 
of migration and recapture data . Distribution of smolt ages 
was similar to that inferred from the sea-run catch, lending 
confidence to the use of sea-run fish in calculating smolt 
ages . Three-year-old cutthroat dominated the smolt migra
tion as before , followed by four-year-olds (Figure 35). 
Mean chronological age of smolts was 3.4 years. Mean age 
of the parr population during the period of migration into 
the estuary was 2.6 years. The shape of the parr age 
distribution was much similar to that for smolting fish, 
except for a notable lack of one-year-old fish . 

Age composition of the spawning run in each stream was 
influenced by the number of repeat-spawning cutthroat in 
the population. Numbers of these fish varied, dependent 
upon mortality rates within each population. No attempt 
was made to determine whether a differential survival of 
different life history types was present in older fish, some 
of which were found performing as many as five successive 
spawning migrations . Maximum age recorded from the 

, , 
·' ·' 

streams during the study was 7+ years. Survival o f older age 
groups is examined in more detail in a separate sect ion of 

this report. 
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Figure 35. Age composition of downstream migrant parr 
and smolt cutthroat entering the Alsea estuary in 1970. 

Length and coefficient of condition of downstream 
migrant juveniles 

The mean length of cutthroat judged to be parr , 
captured in the Alsea estuary during the migratory period 
prior to June, was 146 mm (range 104-177 mm). Mean 
coefficient of condition for 102 fish from this group was 
0 .9370. Ninety-three cutthroat judged to be smolts aver
aged 231 mm (range 170-295 mm) , and approached the 
236 mm back-calculated for ocean entrants in the Alsea . 
Coefficient of condition for 64 fish from this group was 
0.8531, well below that for the parr group. 

Back-calculation of smolt lengths, verified by estuary net 
sampling, demonstrated that the 8-inch (203 mm) size limit 
placed on coastal streams, primarily for the protection of 
steelhead smolts, had little effect in limiting catches of 
juvenile cutthroat. Indication of this was seen on the Alsea 
River , where the average spring catch of wild juveniles 
totalled approximately I ,500 fish (Table 6) . Few cutthroat 
entered the sea at lengths under 8 inches , as even the small 
numbers of two-year-old migrants (21 0 mm) averaged 
above the 203 mm size limit. If protection were desired , the 



nummum size would have to be increased to 10 inches to 
safeguard the majority of cutthroat smolts prior to ocean 
migration . The late opening date of spring angling, although 
effective in preventing catches of migrating steelhead 
smolts, only partially protects smolt cutthroat which are 
present in the stream or estuary as late as early June. 

Length of wild cutthroat in the estuary catch 
Length frequency of cutthroat in the fall angler catch 

was not expected to vary significantly on particular streams 
over the span of the study. For this reason, random length 
samples from the estuary catch were combined for all years 
on each river. Summaries of the length data are presented in 
Table 15 and in Figures 36, 37 and 38. 

The mean lengths of wild fish in the catch over the study 
years were 327 mm on the Alsea, 332 mm on the Siuslaw 
and 300 mm on the Nestucca River. Differences between 
the means were attributed primarily to the relative numbers 
of parr and ingeminators in the catch, since initial migrants 
were much similar in length. The Siuslaw fishery harvested 
fewer parr and more ingerninators , and fish exhibited a 
higher mean length . A low mean length (300 mm) for 
Nestucca River fish was the result of a high number of 
resident juveniles from the heavy 1968 parr migration, a 
high proportion of two-year-old sea-run fish, and a low 
number of ingeminators. Values for the Nestucca need 
verification over more than the two-year period for which 
data were available. 

TABLE 15 
Length of cutthroat contributing to the fall estuary 

catch, by population segment, three study rivers, combined 
data for 1965-1970. 

Mean fork length (mm) 

Alsea Siuslaw Nestucca 
Segment of River River River 
estuary population (n=805) (n=1 ,425) (n=158) 

Resident juveniles 214 212 219 
Initial rnigran ts 330 327 312 
lngeminators 406 406 398 

Weighted mean 327 332 300 

Lengths of different age groups entering the sea-run 
catch are depicted in Figure 39. Data were combined for 
the three streams since little variation existed at the time of 
upstream migration . Considerable size overlap occurred, 
making it difficult to attempt estimation of age based on 
fish size. Length means for the different life history types 
were only about 20 mm apart at the time of the initial 
spawning migration. 

The smallest verified sea-run fish (taken by beach seine 
in the Alsea estuary) was 235 mm, and the largest 515 mm 
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Figure 36. Length frequency of a random sample of 805 
wild cutthroat trout from the angler catch , Alsea estuary 
fishery, combined data for 1965-1970 . 
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Figure 37 . Length frequency of a random sample of 1 ,425 
wild cutthroat trout from the angler catch , Siuslaw es tuary 
fishery , combined data for 1965-1970. 
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Figure 38. Length frequency of a random sample of 158 
wild cutthroat trout from the angler catch , Nestucca 
estuary fishery, combined data for 1968-1969. 



(caught by angling in the Siuslaw). Largest initial sea-run 
fish was 423 mm, apparently a former stream resident that 
had migrated to sea at about 325 mm. Smallest ingeminator 
was a 338 mm, three-year-old Siuslaw fish which had, from 
the scale pattern, grown very little since the first spawning. 
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Figure 39. Length distributions of 2, 3, 4 and 5-year-old 
sea-run cutthroat on their initial spawning migration, three 
study rivers combined, 1965-1970. 

Population growth rate 
A generalized growth curve for combined sea-run cut

throat populations in the three study rivers was formed 
from empirical data collected during the study and from 
back-calculations of stream growth. The curve (Figure 40) 
represents average life history pattern and age-length data 
for migrant cutthroat, and is a simplification of four basic 
curves exhibited by the species (2, 3, 4 and 5-year-old 
initial migrants). Data from the separate streams warranted 
consolidation because of marked similarities in size, age, 
and growth patterns of cutthroat during several life stages. 

The dramatic length increase attained in the year of 
ocean migration, and the growth decline of subsequent 
years, are evident from the growth curve. The average 
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sea-run cutthroat on its initial upstream migration, although 
approximately 3.6 years old, had gained 42 percent of its 
length in the 7 or 8 months prior to stream entrance. 
Pronounced leveling of the growth curve of older cutthroat 
as it approached 500 mm, and the rarity of fish at this stage 
in life, led to the conclusion that few, if any, typical sea-run 
fish exceeded a length of 20 inches or weight of 4 pounds 
in the coastal region studied. Different life history patterns, 
in which fish might have, for example, spent additional 
time in salt water, could conceivably result in larger fish. 
Lack of published material on such occurrences prevents 
further speculation in this regard. In any event, examina
tion of approximately 8,000 wild sea-run cutthroat during 
the course of the study failed to produce fish in excess of 
520 mm (20~ inches), nor were any larger than 470 mm 
(18~ inches) observed in the more mature Sand Creek 
population by Sumner (1962). 
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Figure 40. Composite population growth curve for 1,608 
sea-run coastal cutthroat trout by chronological age and life 
history stage, from combined data for Alsea, Siuslaw and 
Nestucca rivers, 1965-1970. Dashed line represents first 
entrance into sea. 

Growth of hatchery stocks 
Growth of hatchery-reared cutthroat following release 

was determined by comparing mean lengths at release and 
capture. For May-released fish which migrated quickly 
downstream, ocean growth constituted nearly the entire 
length gain. Earlier releases which migrated less rapidly 
gained additional length in the stream before entering the 
sea. Rate of growth, for comparison with wild fish, was 
calculated by comparing length and date of release with 
mean length and date of capture. Cessation of growth on 
return from the sea biased growth rates slightly for both 
wild and hatchery stocks, since the date of capture was 
frequently later than the date of entrance into the estuary. 
Growth records for all hatchery release groups are summa
rized in Appendix Table D-10. 



Hatchery cutthroat released in May at a mean length of 
234 mm averaged 314 mm on fall return to the estuaries as 
sea-run fish. The average summer gain in the ocean (80 mm) 
was less than the 95 mm gained by wild fish in the first 
summer at sea. Summer ocean growth varied, apparently 
dependent on the time of migration from the sea. For 
example, the late 1970 sea-run migration brought larger 
May-released fish to the catch averaging 3 26 and 321 mm 
on· the Alsea and Siuslaw rivers, respectively. Hatchery fish 
released in March at 203 mm averaged 318 mm on return 
from the sea , a gain of 115 mm in the longer period at 
large. Late releases made between May 27 and June 2 
averaged only 299 mm upon sea-run capture. 

The May hatchery stocks were at large an average of 94 
days before capture by anglers as sea-run fish . Growth 
during this period averaged 0.85 mm per day , which was a 
slightly low estimate because of the fall growth cessation. 
Cutthroat stocked in March were at large an average of 145 
days before capture, and grew at an overall rate of 0.79 mm 
per day. The slower growth of March fish was probably the 
reflection of a longer average stay in freshwater prior to 
out-migration. Growth rate of both groups at sea may have 
approached that for wild fish in their initial ocean 
residence. A good comparison was difficult because the 
mean date of ocean entrance for wild stocks was not 
known. 

Growth of hatchery cutthroat in the year fo llowing the 
intial spawning migration exceeded that of wild fish for a 
like period. A sample of 24 March-released fish on a second 
migration averaged 403 mm, having gained approximately 
85 mm during the previous year. May-released fish, which 
were smaller on the initial migration than March fish, had 
gained 95 mm to a length of 409 mm at the second 
migration (n=57 fish) . Length gains for each group com
pared with an annual increment of only 70 mm for wild 
fish (from 327 to 397 mm). 

Explanation of the growth disparity between wild and 
hatchery stocks was not clear. Repeat-spawning hatchery 
fish appeared to migrate from the sea slightly later than 
wild stocks, which might have given additional growth time 
to the hatchery group. Initial migrant hatchery cutthroat 
entered the catch on the mean date of August 19 during the 
study, while those on a second spawning run entered an 
average of only 4 days earlier, on August 15. Age, too , 
might have effected growth differences, as wild fish on a 
second migration averaged 4.5 years in age compared with 
2.5 years for hatchery stocks. 

A limited sample (n=5) of hatchery cutthroat on a third 
spawning migration averaged only 28 mm above those on a 
second migration , suggesting a sharp decline in growth and 
a gain possibly commensurate with the 38 mm calculated 
for wild stocks at that life stage. 

POPULATION SIZE AND SURVIVAL 

Population size 
Estimates of the size of the sea-run cutthroat population 

in the Alsea were made in 1969 and 1970 through the use 
of mark-recapture data . . Systematic seining, tagging and 
angler catch sampling during the estuary fishery provided 
information used in the calculations. Although the esti
mates obtained were useful indicators of the approximate 
size of fall runs, their level of reliability may be questioned. 
Precise estimation of population size was difficult in the 
estuary, where ingress and egress of migrant fish. occurred 
irregularly throughout the_,summer and fall. 

Estimat~s of total ·population size were m.ade usimg the 
formula (Bailey, 1951): 

where 

A M(C+1) 
N = R+l 

M = number qf sea-run cutthroat tagged during- the estuary 
fishery . 

C = estimated catch of,sea-run cutthroat in the ~stuary .. 
R = estimated catch of tagged sea-run cutthroat during 

estuary fishery. 
· ' 
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Separation of the rJopulation into various stock compo
nents was done by determining their comparative ab un
dance in the unbiased seine catch. 

Failure to tag or subsequently examine fish from groups 
passing through the estuary before or after the sampling 
period would have resulted in underestimation of popula
tion size. This source of bias was not believed to be of 
major concern for the two Y.ea rs in which estimates were 
made. Sampling was not begun as early as fish entered the 
Alsea in 1969 , but most migrants probably remained in the 
estuary and were available for later sampling. In addition, 
there was no evidence in either year of new grol:lps of fish 
enteriflg the estuary after sampling terminated in the fall. 

The .J 969 spawning migration in the Alsea River was 
estimated to contain 17 ,600 cutthroat , of which 14 ,100 
(80 percent) w ~re wild and 3,500 were hatchery fish. The 
tagged sample represented 3 percent and the angler catch 
sample over 2 percent of the estimated population . The 
1970 run was estimated to be 30,700 cutthroat, including 
18,400 (60 percent) wild an.d 12,300 hatchery fish. In 1970 
the tagged . sample represented over 4 percent and angler 
catch sample 3 percent of the estimated population. 

Although the population estimate on the Alsea in 1970 
was nearly 75 percent larger than that for 1969 , the 



estimates were believed to be reasonably representative of 
actual levels. Catch estimates from the estuary fishery 
suggested a substantial increase in population numbers 
between 1969 and 1970, the majority of which could be 
attributed to increased numbers of hatchery fish. Popula
tion estimates demonstrated this , as wild segments were 
somewhat comparable in the two years. The marked 
increase in numbers of hatchery fish in 1970 was a product 
of several factors, namely : the properly timed stocking of 
large numbers of hatchery smolts in the spring; a substantial 
number of unmarked hatchery fish, both from a release in 
Eckman Lake (tributary to the Alsea estuary) and probably 
via straying from large releases in the Nestucca River and 
elsewhere; and a probable above average survival of cut
throat during summer residence at sea (Table 11) . 

A measure of the relative size of Alsea , Siuslaw and 
Nestucca River wild sea-run populations was obtained from 
a comparison of the effect which specific numbers of 
hatchery out-migrants had on fall catch compositions. 
Inspection of Figure 31 indicated that at a selected level of 
abundance of hatchery out-migrants, influence on fall catch 
was greatest on the Nestucca and least on the Siuslaw River. 
Wild populations would appear , therefore, to be smallest on 
the Nestucca and largest on the Siuslaw. It required 
approximately 42 and 164 percent of the number of 
out-migrant Alsea River hatchery smolts on the Nestucca 
and Siuslaw, repectively , to provide an equal percentage 
contribution to the estuary fisheries. Assuming the graphed 
relationship between rivers to be reasonably reliable, a wild 
sea-run population on the Alsea ranging from 14,000 to 
19,000 cut throa l may have corresponded to a population 
of approximately 6 ,000 to 8,000 on the Nestucca and 
23,000 to 31 ,000 on the Siuslaw River. 

Survival 
Among anadromous salmonids, coastal cutthroat exhibit 

a comparatively high rate of survival after spawning and 
through the brief period of ocean residence. Because of 
this, the potential exists for larger, repeat-spawning fish to 
occur commonly in undisturbed populations. Where popu
lations are small , and concentrated ang!ing occurs on 
pre-spawning fish, data on rates of survival from year to 
year are valuable in determining condition of the stocks. 
Differences between stream populations in the proportion 
of ingeminators are probably not inherent , but suggest 
differences in angling or natural mortality over a period of 
years. 

Wild stocks 
Assuming similar natural mortality among the study 

streams, comparisons of the overall contribution of ingem
inators to the fall angler catch (Table 8) served to a degree 
as an indication of the relative level of exploitation of wild 
cutthroat by anglers. The Alsea and Nestucca rivers 
appeared to be more heavily exploited than the Siuslaw, 
since fewer repeat spawners were present in the catch . 
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Better estimates of relative survival between streams, 
however , as well as estimates of survival between successive 
spawning migrations , were obtained from mortality-survival 
curves calculated from the spawning runs. 

Mortality-survival curves were constructed by plotting 
log frequency against number of spawning migrations , and 
rates of survival were then computed from the curves. The 
difference in logarithm between spawning migration t and 
t-1 was given a positive mantissa and then antilogged , giving 
survival directly. Survivals were calculated from angler 
catches on the Siuslaw and Nestucca rivers , and from both 
angler and net catches on the Alsea. Data were also 
collected or analyzed for what were considered more lightly 
exploited stream populations, including a sample taken 
from Big Creek (a small stream emptying into the Pacific 
Ocean between the Alsea and Siuslaw rivers) , data from 
Sand Creek (Sumner, 1962), and limited information from 
the Umpqua River (Oregon State Game Commission, 
1949). 

Survival rates for each stream were obtained from a 
composite of life history types, regardless of years spent in 
freshwater, since information on some groups was insuffi
cient for separate treatment. Calculations for the various 
populations are summarized in Table 16. Survival data were 
identified by the method of sampling, as comparisons of 
fall angler and net catches on the Alsea indicated that 
angler catches were disproportionate to the true composi
tion of the runs , the largest fish being poorly represented. A 
possible explanation for this, as previously mentioned, was 
the earlier migration of ingeminators which might have 
allowed many of them to enter the estuary, reduce feeding 
activity, and disperse during a period when estuary temper
atures were lower and angling pressure was light. Another 
possibility was a decrease in vulnerability to fishing with 
size (age), where larger fish were not as easily boated by the 
troll fishery. 

Even though sea-run angling centered more on maiden 
fish and catch records presented a biased picture of 
population survival, the data provided useful comparisons 
between streams. From inspection of data (Table 16) it 
appeared that survival among study streams was highest on 
the Siuslaw River , and comparable between the Alsea and 
Nestucca rivers. Mortality was apparently greater between 
the first and second migrations than between the second 
and third migrations on the Alsea and Siuslaw, indicating 
increased survival of older cutthroat. 

Population mortality-survival curves derived from pre
sumably unbiased net and trap catches were also graphed 
(Figure 41 ). Sand Creek (1946-49) , Big Creek (1970) and 
Umpqua River (1949) data were believed representative of 
less exploited cutthroat populations , and demonstrated 
noticeably higher survivals between first and second spawn
ing migrations than did Alsea River net data. The Alsea 
curve exhibited some concavity, while that for Sand Creek 
was convex . The shape of a typical cutthroat survival curve 
under natural conditions , however , was not certain from 



TABLE 16 
Survival rates between spawning migrations for several wild coastal cutthroat trout 

populations in Oregon. I 

Capture Sample Spawning migration 
Stream method size 1st to 2nd 2nd to 3rd 3rd to 4th 

Alsea R. Angling 754 0.053 0.105 0 .250 
Siuslaw R. Angling 1,401 0 .082 0.240 0.080 
Nestucca R. Angling 131 0.056 

Alsea R. Net 402 0.137 0 .349 0.249 
Sand Creek2 Trap 373 0.394 0 .170 0 .118 
Big Creek Net 89 0 .221 0.399 
Umpqua R.3 Net 46 0.265 0.222 

1 Data for Alsea, Siuslaw and Nestucca rivers from 1965-1970; Big Creek from 1970. 

2sumner (1962) 
30SGC Annual Report, Fisheries, 1949. 

available data. Ricker (1958) noted that catch curves (log 
frequency against age), obtained for a number of species 
under unexploited conditions, all indicated an increase in 
natural mortality among older fish. If this were true for 
coastal cutthroat, then the Sand Creek data may have been 
somewhat representative of natural survival, and a concave 
curve such as for the Alsea indicative of increased mortality 
associated with angling. A survival of 39 percent between 
first and second spawning migrations into Sand Creek 
seemed remarkable considering the probable annual losses 
incurred in spawning and ocean residence, but was not 
believed to be totally unreasonable for the species. 

Comparatively low survival in the Alsea and Nestucca 
rivers, presumably the result of intensive angling, may have 
been the product of exploitation in both the spring and fall 
fisheries. Intensive estuary angling occurred in the spring on 
each of these rivers, and significant catches of kelts (Table 
6) were made at a time when the fish, feeding actively and 
schooling prior to ocean entrance, were apparently quite 
vulnerable. Main stem catches also included some kelts 
during these two intensive spring fisheries. 

Comparison of survival rates (using angler data) between 
the periods 1965-67 and 1968-70 did not indicate improve
ment in survival of wild ingeminators in the Alsea or 
Siuslaw rivers following increases in the levels of hatchery 
stocking. In fact, the data suggested that survival from first 
to second migrations may have declined during the study. It 
would have been of interest to determine if high levels of 
stocking such as in 1970 would provide measurable 
increases in survival over a period of years. 

Sources of natural mortality among cutthroat, other 
than limited indications from the spawning runs, were not 
evident from the study. Although survival in the marine 
environment was comparatively good -the probable result 
of a short residence and perhaps the large smolt size - there 
was still a considerable loss of fish at sea. Examination of 
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fresh-run fish revealed evidence of frequent attack by 
perhaps several species of predators (Figure 42) , lead ing to 
the belief that predation was responsible for much of the 
experienced ocean mortality. 
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Figure 4 1. Survival curves for several coastal cutthroat trout 
populations in Oregon. !- Alsea River (1 969-19 70) ; 
11- Sand Creek (1946-1949); III- Big Creek (1 970) ; tV
Umpqua River (1949). 



Figure 42. Photos showing the variety of predator scars 
found commonly on sea-run cutthroat trout in Oregon. 
Evidence of frequent attack leads to belief that predation is 
responsible for much of the mortality associated with ocean 
residence. 

The identity of the predator(s) causing depredations on 
cutthroat was not determined, but the general appearance 
of scars on fish led to speculation that the Pacific hake 
(Merluccius productus}, spiny dogfish (Squalus acanthias}, 
harbor seal (Phoca vitulina), or even adult salmon might 
have been involved. Shapovalov and Taft (1954) gave 
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consideration to predation as a major cause of salmon and 
steelhead mortality at sea off California, speculating that 
sea lions may have been responsible for many fish losses. 
Sea lions, although present in small numbers along the 
central Oregon coast, were not suspected to be a major 
predator on cutthroat. 

A record of fish exhibiting evidence of attack by 
predators was maintained on the Alsea estuary in 1970. It 
was found that 58 percent of the wild cutthroat and 67 
percent of the hatchery yearlings showed scarring indicative 
of predator attack. It should be remembered at this point 
that hatchery yearlings were smaller in size than initial 
migrant wild fish. lngeminators appeared to have an even 
lower incidence of scarring than other groups, although this 
was more difficult to assess because of the presence of 
older, healed scars that could have been inflicted the 
previous summer. If predation were governed to some 
extent by fish size as suggested by the data, and there 
existed a higher mortality among initial ocean residents, 
increased survival of ingeminators possibly would not be 
shown in calculated survival values as most of the higher 
rate of loss would have occurred prior to the initial 
upstream migration (first spawning). 

Whether or not greater predation occurred near the 
mouths of the large study rivers could have been a factor in 
relative population survival. Harbor seals were no doubt 
more abundant in these areas than near smaller streams 
where little or no estuary existed. Variation in the age of 
scars on fresh-run cutthroat suggested that predation 
occurred throughout the summer, but more information 
was needed to pinpoint times and areas of greatest 
depredation. 

At least 90 percent of . fresh-run cutthroat possessed 
marine copepods (Caligus sp.}, commonly called "sea lice", 
which usually congregated behind the dorsal or near the 
anal fin. While these parasites may have been irritating to 
the fish, particularly when areas of skin tissue were 
damaged by their activities, no known mortality resulted 
from their presence. Anglers have offered a variety of 
explanations for the frequent leaping of salmonids in 
tidewater, but annoyance caused by changes in the activity 
of marine ectoparasites seems the most likely interpreta
tion. 

Hatchery stocks 
Mortality of May-released hatchery fish prior to ocean 

entrance was believed negligible because of rapid out
migration following release. Ocean mortality (largely preda
tion) remained as the major source of natural losses for 
hatchery stocks between the time of release and the bulk of 
returns to the angler. Survival of hatchery cutthroat at sea, 
as indicated in fall returns to the fisheries, was substantial 
compared to that of salmonids spending longer periods in 
the marine environment. Sea-run returns to the angler, 
calculated from the estimated spring escapement to sea, 
approached 20 percent for several hatchery groups (Table 



11 ). The addition of fall spawner escapement to this value 
would boost survivals considerably. 

Estimates of the size of the Alsea sea-run population in 
1969 and 1970 provided an indication of ocean survival of 
May-released hatchery stocks. The 1969 fall run was 
estimated to contain approximately 1,600 May fish, a 
survival of 20 percent (including a correction for known 
strays) of the estimated spring escapement of 9,300 fish. 
The 1970 run, however, included an estimated 7,900 May 
fish, which with the addition of strays caught in the Siuslaw 
River represented a survival of nearly 60 percent. Although 
the latter survival estimate is probably high, values from 20 

to 40 percent are not believed unreasonable based on 
survival data for wild fish. 

Survival of hatchery cutthroat between spawning migra
tions was calculated similarly to that of wild stocks, except 
that random age data were replaced in the computations by 
catch estimates of mark groups in succeeding years. 
Combined March and May releases exhibited a survival rate 
of 0.058 (5 .8 percent) between first and second spawning 
migrations and 0.200 between second and third migrations. 
The increase in survival of older hatchery fish was similar to 
that observed for wild cutthroat. Little difference was 
noted between March and May releases in rate of survival. 

COST-RETURN COMPARISONS FOR HATCHERY RELEASES 

Because of the expense involved in producing hatchery 
cutthroat, and the need for economical consideration of 
stocking programs, the cost of cutthroat returning to the 
angler's creel is of importance to management. Stocking at 
smaller sizes and reduced costs might be more economical if 
returns from such releases are not drastically reduced. The 
relative efficiency of different releases in terms of the cost 
of harvested fish was determined by comparing rearing and 
liberation costs with estimated returns to the angler. 

Statewide average total production costs (Oregon State 
Game Commission, 1969) were applied to experimental 
cutthroat releases. Fiscal year costs ranged from $0.81 to 
$1.00 per pound of fish liberated during the study 
(Appendix Table D-11). Cost of each fish liberated ranged 
from $0.06 for fish averaging 137 mm to $0.32 for fish at a 
mean length of 239 mm. 

May pre-season releases, which produced optimal re
turns, were also the most economical as returns from other 
releases were too low to be economically competitive . Data 
on costs of creeled fish from May releases in the study 
rivers are summarized in Tables 17 and 18. Cost to the creel 
from total known returns averaged from $0.42 per fish on 
the Nestucca to $0.76 on the Siuslaw River. Differences 
were the result of fishery emphasis and intensity, the 

TABLE 17 
Cost per fish creeled for total returns I of May pre-season 

cutthroat releases, study rivers, 1966-1970. 

Year Alsea Siuslaw Nestucca 

1966 $0.53 $ $ $ 
1967 0.43 0.65 
1968 0.56 0.79 0.36 
1969 0.60 0.78 0.47 
19702 0.60 0.83 
Mean 0.54 0.76 0.42 

1Total returns include all years and all known strays. 
2Returns unknown for succeeding years. 
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Nestucca having the lower cost figure because of a high 
spring catch and higher total returns. Offsetting the 
Nestucca River return and cost advantages, however, was 
the fact that many more of the Siuslaw returns (and to a 
lesser degree Alsea returns) were of larger, more desirable 
sea-run fish. From 1966 to 1970, 44 percent of the May 
Siuslaw returns were as sea-run fish compared with 16 
percent on the Alsea and only 5.3 percent on the Nestucca 
River. 

The cost of providing sea-run returns was determined by 
comparing estimated numbers escaping the spring fisheries 
with sea-run returns (Table 18). For this purpose it was 
assumed that essentially all May fish migrated to sea. These 
data suggested what costs might be where no spring fishery 
existed or where the sea-run fishery was of prime interest. 
Cost to the creel for sea-run fish was found to be the 
reverse of that for total returns, in that costs were highest 
for the Nestucca and lowest for the Siuslaw River. Costs 
averaged $1.62 for each sea-run fish caught in the Siuslaw, 
$2.22 in the Alsea, and $3.21 in the Nestucca River. 
Differences were primarily a reflection of the intensity of 
the fall fishery. 

TABLE 18 
Cost to the creel for sea-run cutthroat returning from 

May pre-season releases, study rivers, 1966-1970.1 

Year Alsea Siuslaw Nestucca 

1966 $3.14 $ $ 
1967 2.48 1.76 
1968 1.53 1.01 3.35 
1969 2.29 2.32 3.07 
19702 1.66 1.37 
Mean 2.22 1.62 3.21 

l Determined from estimated numbers remaini.'lg following spring 
fisheries, and sea-run returns in all years including strays. 

2Returns unknown for succ~eding years. 



SUMMARY 

Hatchery and wild stocks of coastal cutthroat trout were 
studied from 1965 to 1970 on the Alsea, Siuslaw and 
Nestucca rivers in order to provide information for im
proved fishery management. Seawater tolerance, growth 
and age, survival, population size, migrations, estuarine 
distribution , and catch were examined for one or both 
groups of cutthroat through laboratory studies , fishery 
monitoring, netting and tagging, and other methods. 

A number of commonly used live-capture techniques 
failed to take substantial numbers of cutthroat in estuary 
areas as desired , and a resultant, achieved goal of the study 
was the development of suitable capture gear. 

Seawater tolerance 
Laboratory survival of young hatchery cutthroat ex

posed by gradual transition to full strength seawater 
approached 95 to 100 percent at about 100 to 125 days 
post-hatching or at a weight of about 4 to 5 grams. Test 
data indicated survival was more related to size than to age. 
Development of salinity tolerance appeared to be unrelated 
to the actual time of seaward migration , preceding it by a 
wide margin in age and size. 

Migration 
Seaward migration of wild juvenile cutthroat was com

monly by stages from year to year, probably influenced by 
annual physiological activity and substantial size increases 
made in a comparatively long freshwater life. The time of 
migration of various population groups varied within the 
January to June period of general downstream movement. 
Kelts moved seaward earliest , followed by smolts, and then 
by parr of different ages, the parr undertaking only partial 
movements which carried some of them as far as the 
estuary. 

Cutthroat destined for the sea were most abundant in 
the estuary in late April and early May, and out-migration 
was completed in early June. Initiation and termination of 
the smol t and kelt movements were notab ly earlier in 
upstream areas. Much of the saltwater movement of these 
fish from the time of spring estuary residence until the fall 
migration into freshwater was apparently school-oriented. 

Most fall upstream migrar,ts ente red estuaries of the 
study rivers from the sea in large schools, or "runs", which 
usually numbered two or three per season. Fish that 
migrated to sea in the spring invariably returned to the 
stream later in the same year. lngeminators typically were 
the earliest migrants into tidewater in the summer. First 
migrants from the sea entered the streams from late June to 
late July , and late en trants appeared through the end of 
September. 

Major runs of cutthroat entered estuaries of the three 
study rivers on approximately the same dates in a particular 
year. Run timing varied between years, but showed 
increased frequency from July 15-30 and from August 
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24-September 6. Schools apparently migrated intact to the 
central estuary, from which dispersal to upstream and 
downstream tributaries usually occurred later in the fall. 

Out-migration of hatchery smolts released in late May 
was rapid and essentially complete. Timing of the fall 
return of hatchery stocks to the estuary was similar to that 
of wild fish. The average date of fall angler catch of sea-run, 
May-released fish was six days later than for March-released 

fish. 
Straying of sea-run hatchery cutthroat to other stream 

systems was common and predominantly southward along 
the coast. Seasonal marine conditions , particularly near
shore currents, could have been a major cause of straying 
movements. Once fish entered the estuaries, even as strays, 
return to the sea was negligible until the following year. 

Feeding 
Wild and hatchery cutthroat stocks displayed active 

feeding in the river and estuary during downstream migra
tion. In the estuary, the diet consisted largely of shrimP, 
anchovies, perch, smelt, and other fish species. The ocean 
diet was not ascertained, but some estuary foods were 
presumably involved. Cutthroat returning from the sea in 
the fall stopped feeding upon entrance into the estuary , and 
apparently did not resume active feeding until spawning 
was completed many months later. 

Estuarine distribution and movement 
Except for its role as summer home for varying numbers 

of cutthroat parr , the estuary was best described as a 
staging ground for migrant groups departing for the sea in 
the spring or gathering for the spawning migration in the 
fall. Evidence indicated that downstream and upstream 
migrants usually paused for varying periods in the estuary , 
briefly in the spring while congregating in schools prior to 
further out-migration, and frequently for periods of several 
months or more in the fall while awaiting fall rains and 
lowered temperatures which stimulated migration into 
freshwater . 

Summer and fall distribution of sea-run cutthroat in the 
estuary was usually restricted to the central portion by the 
shallowness of the lower bay and high temperatures of the 
upper estuary . Migration from the estuary into freshwater 
in the late fall was believed to be induced partly by the 
moderation of upper estuary temperatures. Salinity gradi
ents had little influence on the summer distribution or 
holding patterns of sea-run adults. 

Catch 
Annual angling intensity and catch of cutthroat fisheries 

on the three study rive rs did not vary greatly, but there 
existed wide differences in fishery emphasis. The Nestucca 
River sustained the largest spring and smallest fall fisheries, 
the Siuslaw River the smallest spring and largest fall 
fisheries, and the Alsea River was intermediate . 



Spring stream fisheries were characterized as extremely 
brief, intensive, weekend fisheries which partially exploited 
hatchery and wild stocks during the period of spring 
downstream migration. From 80 to 90 percent of the 
season's weekend catch occurred on opening weekend (late 
May). Hatchery stocks contributed averages of from 73 to 
89 percent of the total spring catch during years in which 
experimental releases were made. 

Periodicity and success of fall estuary fisheries were 
largely dependent on the time of appearance of major 
schools of cutthroat from the sea, and as a result, rapid and 
wide fluctuations in catch success were common. Wild fish 
generally contributed most heavily to the estuary catch, 
with initial migrants supplying 80 to 90 percent of the wild 
harvest. Fall estuary catches were typically a composite 
from many sources, due largely to survival following 
spawning and considerable straying of hatchery fish. 

May pre-season releases of hatchery cutthroat resulted in 
optimal returns to the spring river and fall estuary fisheries 
alike. Average total returns of May-released fish were 64 
percent on the Nestucca, 50 percent on the Alsea and 31 
percent on the Siuslaw River. Offsetting the lower Siuslaw 
River return was the comparatively greater catch there of 
larger sea-run hatchery fish . Yearling hatchery cutthroat 
were found to be nearly three times more vulnerable to 
angling than wild fish upon return to the estuary fishery 
from the sea. Within the range of stocking levels tested, 
greater numbers released resulted in greater total catches 
and improved catch success. There was some evidence that 
the largest releases were less efficiently harvested than 
others during the spring fishery. 

The average estimated proportion of the Alsea sea-run 
cutthroat population harvested, over a two-year period, was 
26 percent, including 20 percent of the wild and 52 percent 
of the hatchery stocks. 

Growth, age and size 
Stream and ocean growth of wild cutthroat was back 

calculated on the basis of the body-scale relationship, and 
growth values were obtained which differed from earlier 
calculations that were based on other methods. Data 
indicated that Alsea River cutthroat grew at a slightly faster 
rate than Siuslaw River fish during early stream life, but 
slower in the spring prior to ocean migration. Considerable 
growth was demonstrated by juvenile fish in all rivers in the 
several months prior to ocean entrance. Based on calculated 
and empirical data, length of smolts upon initial ocean 
entrance averaged from 232-236 mm (over 9 inches) on the 
three study rivers. 

Calculated ocean growth in the first summer at sea 
averaged 95 mm for wild cutthroat from the Alsea and 
Siuslaw rivers. Assuming approximately three months of 
ocean residence, the growth rate was about one millimeter 
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per day. Annual growth in the year of first ocean entrance 
was far greater than in any other year of life , as the growth 
of ingeminators declined markedly in each successive year. 
A population growth curve was constructed from data 
combined for the three rivers. 

Wild cutthroat of each river ranged in age from 2+ to 5+ 
years on initial ocean entrance and return to the stream. 
Three-year-olds were most abundant. Mean chronological 
ages of the smolt migrations were 3.4 years on the Alsea 
River and 3.3 years on the Siuslaw River. Maximum age 
recorded during the study was 7+ years, and some older 
ingeminators had performed as many as five successive 
annual saltwater migrations. 

Mean length of wild fish contributing to the sea-run 
catch was 327 mm on the Alsea, 332 mm on the Siuslaw, 
and 300 mm on the Nestucca River, with differences 
attributed largely to the relative numbers of parr and 
ingeminators in the catch. Sea-run cutthroat observed 
during the study ranged in length from 235 to 520 mm. 

Hatchery stocks released in late May gained an average 
80 mm, or about 0.9 mm per day, between release and 
subsequent fall angler capture as sea-run fish. Mean length 
of May groups in the fall catch was 314 mm. These stocks 
on a second spawning migration had increased in length to 
409 mm, an annual gain of 95 mm. 

Population size and survival 
Total size estimates of 17,600 in 1969 and 30,700 in 

1970 were made for Alsea sea-run cutthroat populations. 
Wild cutthroat totaled 14,000 and 18,400 for the two 
years. There was evidence that the average Nestucca 
population was smaller and the Siuslaw population larger 
than the Alsea estimates. 

Sea-run cutthroat exhibited a comparatively high annual 
rate of natural survival after spawning and through the 
summer periods of ocean residence. Alsea and Nestucca 
River wild populations appeared, from survival estimates , to 
be more heavily exploited by angling than the Siuslaw River 
population. Mortality was also calculated to be greater 
between the first and second spawning migrations than 
between second and third migrations for hatchery and wild 
stocks on the Alsea and Siuslaw rivers. 

Mortality of May hatchery stocks prior to ocean 
entrance was negligible. Summer ocean survival of hatchery 
stocks was estimated to be approximately 20 to 40 percent , 
with predation believed responsible for much of the 
experienced mortality. 

Cost 
May pre-season releases were the most economical of 

those tested because of higher returns. Cost for each May 
fish creeled averaged 42 cents on the Nestucca, 54 cents on 
the Alsea and 76 cents on the Siuslaw River. 



MANAGEMENT RECOMMENDATIONS 

It is unfortunate that the coastal cutthroat trout is 
generally relegated to a rrtinor position in salmonid manage
ment in the Pacific Northwest_ In Oregon it is particularly 
regrettable because of the unique and valuable fisheries 
which exist_ The Siuslaw River estuary fishery, as an 
example, is quite likely the largest of its kind anywhere_ A 
principal recommendation of this study is that the cut
throat receive renewed concern from biologists and others 
responsible for its welfare, for it is a species needing and 
deserving careful management_ 

Increasing demands will be placed on the sea-run 
cutthroat, particularly by the growing assemblage of re
tirees, many from other states, who bring trailers for the 
summer season or construct small homes near the estuaries . 
The building boom is especially evident along the lower 
Alsea River. This group of dedicated tidewater anglers must 
be considered in future management plans. 

The variety of angler use patterns among coastal streams 
dictates that management of the cutthroat be on a stream 
by stream basis, taking into account fishery emphasis and 
intensity, degree of exploitation of the wild stock, and 
angler catch success. Management should be geared to 
existing angling use, which has evolved primarily from 
stream characteristics and human population distribution. 
To this end, the study rivers provided varied examples for 
management. 

More specific recommendations arising from the cut
throat study include the following: 

Management of wild stocks 

I. The length of juvenile life in freshwater makes the 
cutthroat particularly susceptib le to habitat alteration. 
The impact of such activities on cutthroat populations 
must be foreseen. 

2. If greater protection against harvest of pre-migrant 
juvenile cutthroat is desired in the future , the minimum 
size limit should be set at I 0 inches (about 250 mm) to 
encompass the majority of fish. 

3 . Risk of overexploitation of the · spawning populations 
appears small at present_ Even though intensive angling 
centers on adults which are concentrated for long 
periods in tidewater , natural protections such as the 
cessation of feeding in fall and the improved escapement 
of older , more productive fish on successive spawning 
runs apparently also act to hold harvest within safe 
levels. 

4. Areas in which future study might conceivably lead to 
increased harvest of sea-run fish include prediction of 
migration timing, appraisal of marine mortality and 
effectiveness of current angling techniques. 
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5. Food habits of juvenile cutthroat in main stem and 
major tributary areas should be studied further. 

6. A spring Siuslaw River estuary fishery might be pro
moted which would take advantage of actively feeding 
downstream migrants and provide boat liveries and 
anglers with an unused recreation so urce. Such fisherie s 
presently exist on the Alsea and Nestucca estuaries . 

Management of hatchery stocks 

I. Despite the possibility of concern over the dangers of 
superimposing hatchery stocks on the wild populations , 
stocking of yearling hatchery cutthroat is recommended 
as an excellent supplement to natural production where 
significant fisheries exist, and particularly where the wild 
population is small. This recommendation is made 
because of the efficient utilization of properly stocked 
fish in such circumstances where there appears to be 
little competition with wild fish prior to out-migration, 
excellent angler returns through survival and high catch
ability, and minimal numbers remaining to dilute wild 
stocks on the spawning grounds. 

2. Advisable stocking procedures are as follows: 

Time - one to three days prior to the opening of the 
fishery in late May. Fish may be stocked up to one or 
possibly two weeks earlier than this on streams 
lacking important spring fisheries, without detriment 
to sea-run returns, to relieve liberation scheduling 
problems. 

Location - distribute in a number of sites along the 
main stem fishery area above tidewater. Distribution 
is probably unnecessary where no spring fishery 
exists . 

Size - about 9-inch mean length with minimal variation 
in size, in order that a high percentage will be of legal 
8-inch size and of migrant character. 

Number - stocking level must be resolved according to 
the degree of supplementation desired on each 
stream , which may require some experimentation. 
The report provides some data on the influence of 
different release numbers on the ensuing fisheries. 

3 . Some factors which will probably limit angler returns of 
hatchery cutthroat include inclement weather just be
fore or during the spring opening, ocean mortality 
(predation) , straying, low angling pressure , the fall 
feeding cessation, and knowledge of migration timing. 
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APPENDICES 

APPENDIX A 

Definitions of terms used in the text 

Adult - all sea-run fish were generally classed as adults , 
although maturity of small migrants was not determined. 

Ingeminator - a repeating or prior spawner , one which had 
made at least one previous ocean and spawning migra
tion. 

Initial migrant - a sea-run cutthroat on its first spawning 
migration. 

Juvenile - generally a cutthroat under 300 mm which had 
not gone to sea. 

Kelt - a spent adult cutthroat during the period between 
spawning and return to the sea. 

Length - unless otherwise indicated, all fish lengths 
referred to are fork lengths, expressed in millimeters . 

Length conversion - one inch= 25.4 millimeters. 
Parr - young cutthroat which had not begun a full 

migration to the sea, characterized by bright (not 

silvery) colors and darker, vertical bars or "pan marks" 
along the sides. 

Smolt - juvenile cutthroat approaching near or engaged in 
a full migration to sea, characterized by a silvery 
appearance and more slender body conformation. 

Spawning - only spawnings which occurred subsequent to 
ocean residence were acknowledged in this report. 
Spawning by stream resident fish which had never 
migrated to sea was not apparent in the scale pattern, 
and such occurrences may not be characteristic of 
typical sea-run fish. 

Weight conversion- one pound= 453.6 grams . 
Wild cutthroat - one which resulted from natural propaga

tion in the wild, regardless of whether it derived from 
wild or hatchery parentage. 

APPENDIX B 
Estimation of catch - spring trout fisheries 

Car counts and angler interviews provided data for the 
estimation of effort and catch during the spring cutthroat 
trout fisheri es. Total effort in party hours was obtained for 
each sample day through periodic car counts , the frequency 
of which depended on the size of the sampling area and 
amount of angling activity. The occupants of each car 
constituted one party. Total daily effort was calculated 
using the trapezoidal formula : 

where 
A1 =total daily effort (party hours) 
h =count interval (2, 3 or 4 hours) 
Yi = number of cars observed at hour i 

Daily catch per party hour was calculated according to the 
model: 

C/PH= 

where 
C/PH =catch per part y hour 

4 7 

Yi = catch of party i 
t 1 = time angling commenced 
t2 =time interviewed 
C =completed anglers (all in party completed fishlng) 
I = incompleted anglers (at least one in party incom
pleted 
ni =number of anglers interviewed in party i 
Ni =number of anglers in party i 

WI= I: (t2-tt) ni 
I 

Wr = ~ (trti) ni 

Total daily catch was obtained by multiplying estimated 
catch per party hour (C/PH) by estimated daily effort (A1). 

Angler hours were obtained from party hours according to 
the formula : 

The month-long spring fisheries were characterized by a 
rapid decline in effort and catch following the season 
opening (Figure 25). Because of this, numbers of weekend 
sample days and intensity of sampling were heaviest near 



the opening and lightest near the close of the fishery. 
Fisheries were stratified into week days and weekend days, 
and weekend days further stratified into approximately 
two-week periods. 

A by-product of the rapid decline in catch was ex-

pansion of confidence intervals about the catch estimate. 
The wide confidence limits were not believed to be 
representative of the reliability of estimates obtained under 
an intensive sampling effort and were not included in this 
report. 

APPENDIXC 
Estimation of catch - fall estuary fisheries 

Catch and angler effort estimates for tidewater fisheries 
were obtained by statistical expansion of sample boat count 
and angler interview data. Each year boat counts were 
conducted at two-hour intervals on a sample of weekdays 
and weekend days to establish daily pressure curves. Grand 
mean, and range of weekday and weekend curves on all 
study streams for combined years, are shown in Appendix 
Figure E-7. In neither weekly stratum on any stream did 
the values for combined years vary more than about 2 
percent from the grand mean. Counts during the first year 
of study were highest and varied least at 10 :00 a.m., and 
this hour was selected for the single index count taken on 
angler interview days during the season. The formula : 

where 
At =total daily effort (boat hours) 
h =count interval (2 hours) 
Yl =number of boats observed at houri 

was used to determine total daily effort. To obtain total 
effort on index count days the 10 :00 a.m. count was 
expanded by the mean seasonal ratio of total boat hours 
(At) calculated for the day to the boat hours observed at 
10:00 o'clock. The ratio (r) used each year was the 
cumulative value of all previous years (Appendix Table 
D-3). Total daily estimates of variables were obtained by 
expanding interview data by the proportion of total daily 
effort accounted for in angler interviews. 

Estuary fisheries were stratified by weekdays and week
end days, and usually by months. Estimates for each 
stratum (T y) were obtained from the formula: 

where 
Ni = number of days in stratum 
Yi = stratum mean for variable 
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A 

Total seasonal estimates (T) were obtained by summing 
stratum estimates : 

A 

T = I:Ty 

Variance within strata (VTy ) was obtained by the formula 

N2 s2y 
VTy= n 

where 
N = number of days in stratum 
n = number of days sampled in stratum 
s2y = standard deviation of given variable. 

A 

Seasonal variance of estimates (Vf ) of total catch and 
effort was determined by summing stratum variances 
(VTy) : 

Estimates of catch of mark groups were obtained by 
partitioning total catch by the proportions of different 
groups (wild and hatchery) present in the catch sample. 
Variance of each mark group estimate was then determined 
by the formula : 

where P =proportion of sample represented by group i. 

Confidence limits for all estimates were computed from the 
formula: 

A A 

C.L. = T ± t.os sT 



APPENDIX D. TABLES 

APPENDIX TABLE D-1 

Survival of juvenile coastal cutthroat trout exposed to sea-water, in relation to age and size. 

April 1968 to July 1970. 

Age (days Average Average 
Exposure post- fork length weight Final salinity (o/oo) and survival(%) 
dates hatching) (mm) (g) Control 10 15 20 25 30 

Test I ( 1968 Brood) 

25 April-28 May 1968 26 0.14 85 78 75 68 38 5 
10 May-12 June 41 0.22 83 93 93 * * * 
28 May-30 June 59 38 0.56 95 100 95 85 * * 
12 June-IS July 74 37 0.46 98 * * * * 
I July-3 August 93 40 0 .72 90 93 97 87 43 
16 July-18 August 108 49 0 .60 100 96 96 93 78 
19 August-21 September 142 66 3.3 100 100 98 98 78 
23 September-26 October 177 92 9 .3 100 98 98 75 
I November-4 December 216 118 18.5 100 97 100 100 
9 December-S January 1969 254 144 35.8 100 88 
16 January-IS February 292 176 66.9 93 100 
21 February-23 March 328 203 98.7 100 100 
4 April-3 May 373 233 141.3 100 100 
10 May-9 June 409 258 194.6 100 100 
14 June-14 July 444 272 239.0 100 100 
16 July-24 July 476 100 100 

Test II (1969 Brood) 

16 April-19 May 1969 27 0.22 95 98 93 75 50 0 
2 May-4 June 43 0.47 97 100 96 93 83 57 
24 May-23 June 65 49 1.4 100 95 95 85 80 
4 June-7 July 76 57 2.1 96 100 77 

Test III ( 1970 Brood) 

8 June-7 July 1970 80 64 3.2 90 93 

*Test group results not re liab le_ 
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APPENDIX TABLE D-2 
Permanent residence of anglers, spring and fall fisheries, Alsea, Siusalw and Nestucca rivers, 

1968-1970. 

City 

Corvallis 
Albany 
Salem 
Portland 
Waldport 
Philomath 
Newport 
Alsea 
Cities 4% or less 

Eugene 
Junction City 
Swisshome 
Springfield 
Elmira 
Florence 
Cities 4% or less 

Portland 
McMinnville 
Salem 
Carlton 
Cities 4% or less 

Spring fishery 
Percent 

1968 1970 City 

ALSEA 
15 31 Corvallis 
20 12 Albany 

5 10 Salem 
11 8 Portland 

8 Lebanon 
7 Waldport 
7 California (State) 
5 

30 31 Cities 4% or less 

SIUSLAW 

34 40 Eugene 
7 California (State) 

12 6 Springfield 
6 Junction City 

5 5 Veneta 
6 

43 36 Cities 4% or less 

NESTUCCA 

26 Portland 
12 Salem 
9 McMinnville 
5 

48 Cities 4% or less 

APPENDIX TABLE D-3 
Final mean seasonal ratio (r) of total boat hours calculated 

for a day to the boat hours observed at 10:00 a.m., for 
all-day counts made between 1965 and 1970 on three 

estuary fisheries. 

Fishery 

Alsea 
Siuslaw 
Nestucca 

Weekday 

9.1 
9.3 
9.1 

50 

Stratum 

Weekend 

8.7 
8.9 
9.3 

Fall fishery 

1968 

22 
15 
9 
8 
7 

11 
6 

22 

63 
10 

5 

22 

33 
24 

6 

37 

Percent 
1970 

19 
17 
15 

7 
7 
6 
6 

23 

59 
9 
7 
7 

18 



APPENDIX TABLE D-4 
Distribution of estimated angler catches from 1966 releases of yearling coastal cutthroat trout 

by fishery and year in three study rivers. 

Catch Release river and month 
River 
and Alsea Siuslaw 

Year Fishery January March May January March 

1966 AI s2 0 2,345 5 ,672 
f 23 383 354 6 74 

s s 0 * 
f 6 41 41 20 476 

1967 A s 41 8 24 0 0 
f 22 40 18 14 18 

s 0 0 0 9 0 
f 0 0 0 36 48 

1968 A s 0 22 8 0 0 
f 0 7 0 0 0 

s s 0 0 0 0 0 
f 0 0 0 27 0 

N s 0 0 0 0 0 
f 0 3 0 0 0 

Totals 92 2 ,817 6,117 112 616 

1 A-Alsea River ; S-Siuslaw River ; N-Neslucca Rive r. 

2s-spring catch; f-fall catch. 
*spring catch not estimated . 

5 1 

May 

394 

* 
991 

16 
9 

0 
36 

0 
0 

0 
0 

0 
0 

1,446 



APPENDIX TABLE D-5 
Distribution of estimated angler catches from 1967 releases of yearling coastal cutthroat trout 

by fishery and year in three study streams. 

Catch Release river and month 

River 
and Alsea Siuslaw 

Year Fishery March May March May 

1967 A s 3,145 7,564 
f 430 433 63 72 

s s 796 4 ,01 7 
f 120 180 I ,188 1,21 2 

1968 A s 14 14 8 0 
f 0 49 0 0 

s s 0 0 0 4 
f 0 35 124 178 

N s 0 0 0 0 
f 0 0 0 0 

1969 A s 0 0 0 0 
f 0 0 0 0 

s s 0 0 0 0 
f 0 0 8 8 

N s 0 0 0 0 
f 0 0 0 0 

Totals 3,709 8,275 2,187 5,49 1 
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APPENDIX TABLE D-6 
Distribution of estimated angler catches from 1968 releases of yearling coastal cutthroat trout 

by fishery and year in three study rivers. 

Catch Release river and month 
River 
and Alsea Siuslaw Nestucca 

Year Fishery March May March May March April May 

1968 A s 823 2,867 
f 682 744 99 93 49 49 7 

s s 123 687 
f 187 240 977 1,662 9 9 18 

N s 791 2,005 6,484 
f 9 0 0 0 636 669 198 

1969 A s 0 0 0 8 0 0 0 
f 0 21 0 0 0 0 10 

s s 0 0 0 10 0 0 0 
f 0 0 16 57 0 0 0 

N s 0 0 0 0 5 0 5 
f 0 0 0 0 0 6 0 

1970 A s 0 0 0 0 0 0 0 
f 0 0 0 0 0 0 0 

s s 0 0 0 0 0 0 0 
f 7 0 0 0 0 0 0 

Totals 1,708 3,872 1,215 2,517 1,490 2,738 6,722 
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Year 

1969 

1970 

APPENDIX TABLE D-7 
Distribution of estimated angler catches from 1969 releases of yearling coastal cutthroat trout 

Catch 
River 
and 

Fishery 

A s 
f 

s s 
f 

N s 
f 

A s 
f 

s s 
f 

Totals 

by fishery and year in three study rivers. 

Release river and month 

Alsea Siuslaw 
May 1 May 2 May 1 May 2 

5,781 1,998 
937 604 21 10 

2,368 178 
114 114 829 585 

6 0 0 0 

21 0 0 0 
28 6 0 5 

0 0 5 0 
14 0 41 14 

6,901 2,722 3,264 792 

APPENDIX TABLE D-8 
Distribution of estimated angler catches from 1970 

releases of yearling coastal cutthroat trout by fishery and 
year in two study rivers. 

Catch Release river and month 
River 
and Alsea Siuslaw 

Year Fishery May May 

1970 A s 8,730 
f 2,118 336 

s s 3,963 
f 587 4 ,057 

Totals II ,435 8 ,356 
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Nestucca 
May 

10 

0 

7,129 
519 

.0 
0 

0 
0 

7 ,658 

June 

10 

0 

990 
379 

0 
0 

0 
0 

I ,379 



Fishery Year 

1965 
1966 

Alsea 1967 
1968 
1969 
1970 

Total 

1965 
1966 

Siuslaw 1967 
1968 
1969 
1970 

Total 

1968 
Nestucca 1969 

Total 

APPENDIX TABLE D-9 
Distribution of stock source, age class and spawning migration among unmarked cutthroat 

randomly sampled in estuary fisheries, from scale collections, 1965-1970. 

Wild fish 
Subsequent 

Sample Resident Initial spawning migration spawning migrations 
size Juvenile Older 2/1 I 3/1 4/1 5/1 U/1 Total R/2 R73 R74 R75 Total 

31 0 0 0 9 3 0 16 28 0 0 0 1 
133 4 2 4 42 23 6 45 120 5 0 0 0 5 
78 3 0 4 14 12 2 33 65 8 0 0 0 8 

336 28 0 29 97 60 13 71 270 18 2 0 0 20 
123 3 0 8 48 21 4 29 110 2 1 1 0 4 
171 8 3 9 43 25 7 34 118 4 1 0 0 5 

872 46 5 54 253 144 32 228 711 38 4 1 0 43 

175 3 0 (no distribution) 143 13 6 0 0 20 
324 9 0 13 111 23 4 120 271 28 9 0 0 37 
294 2 0 32 113 33 4 69 251 25 2 1 0 28 
344 8 0 35 140 55 5 62 297 21 2 0 1 24 
168 0 1 7 56 32 9 44 148 9 0 0 10 
192 0 13 52 38 7 49 159 7 5 0 13 

1,497 23 100 472 181 29 344 1,269 104 25 2 1 132 

170 27 0 24 25 15 1 17 82 7 0 0 0 7 
55 0 0 10 13 10 2 7 42 0 0 0 0 0 

225 27 0 34 38 25 3 24 124 7 0 0 0 7 

1 Age symbols as follows: 2/1-two years in freshwater , one summer at sea; U/1-unknown stream age, one summer at sea; 
R/2-ingeminator, two summer at sea (second spawning migration). 
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Hatchery fish 

Yearling Older 
170 1/1 1/2 

0 1 1 
0 2 0 
0 1 
0 16 2 
0 4 2 
0 36 1 

0 60 7 

0 7 2 
0 7 0 
0 12 
0 13 2 
0 7 2 
2 17 0 

2 63 7 

4 42 8 
0 13 0 

4 55 8 



Release 

Stream Year Month 

Alsea 1966 March 
May 

1967 March 
May 

1968 March 
May 

1969 May(! ) 
Vl May(2) 
0\ 

1970 May 

Siuslaw 1966 March 
May 

1967 March 
May 

1968 March 
May 

1969 May(!) 
May(2) 

1970 May 

Nestucca 1968 March 
April 
May 

1969 May 
June 

APPENDIX TABLE D-10 
Length of hatchery stocks on initial and subsequent spawning migrations and calculations of growth 

increments (in millimeters), three study rivers, 1966-1970. 

First spawning migration Second spawning migration 

Mean Mean Mean Mean Mean 

Third spawning migration 

Mean 
Mean capture capture (Sample) Length capture capture (Sample) Length capture capture (Sample) Length 

Date length date length (size) gain date length (size) gain date length (size) gain 

24 193 7/30 308 (41) 115 10/4 388 (1) 80 8/23 410 (2) .22 
17 239 7/31 309 (42) 70 
27 210 8/17 325 (24) 115 7/23 400 (1) 
16 229 8/23 313 (25) 84 8/9 405 (9) 92 8/7 423 (1) 18 
14 206 8/10 320 (107) 114 8/14 418 (4) 98 9/26 385 (I) 
22 231 8/17 308 (115) 77 8/6 383 (6) 75 

19,20 240 8/15 313 (137) 73 8/25 421 (11) 108 
27-29 240 8/17 305 (90) 65 8/16 414 (6) 109 
18-21 235 8/26 326 (561) 91) 

25 193 8/23 312 (71) 119 8/22 402 (3) 90 
16 239 8/24 316 (139) 77 9/16 427 (4) 111 
29 210 8/27 319 (99) 109 8/8 402 (15) 83 8/10 435 (1 ) 33 
15 229 9/1 317 (87) 88 8/10 41 3 (15) 96 7/16 460 (1) 47 
18 205 8/ 10 321 (114) 116 8/5 370 (1) 49 
21 223 8/19 306 (178) 83 7/29 410 (5) 104 

21,22 230 8/18 311 (60) 81 8/25 405 (6) 94 
28 230 8/19 293 (46) 63 

19-22 235 8/30 321 (277) 86 

12 228 8/17 330 (11 3) 102 
18 229 8/18 313 (79) 84 
23 243 8/30 306 (39) 63 

20,21 240 8/19 317 (60) 77 9/1 365 (1) 48 
2 240 8/20 298 (42) 58 9/3 432 (1) 134 
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APPENDIX TABLE D-11 
Production and liberation costs for experimental releases of hatchery-reared coastal cutthroat trout , 

1966-1970. 

Cost per1 Total cost Cost per 
Release Pounds pound of fish 

Stream Year month liberated liberated release released 

Alsea 1966 January 1,070 $1.00 $1,070 $.065 
March 1,539 1.00 1,539 .157 
May 3,226 1.00 3,226 .323 

1967 March 2,272 .83 1,886 .191 
May 4,287 .83 3,558 .237 

1968 March 1,970 .81 1,596 .158 
May 2,681 .81 2,172 .222 

1969 May (1) 4,718 .88 4,152 .276 
May (2) 2,885 .88 2,539 .254 

1970 May 7,501 .92 6,90 1 .276 

Siuslaw 1966 January 6 16 1.00 6 16 ·.061 
March I ,539 1.00 1,539 .154 
May 3,226 1.00 3,226 .323 

1967 March 2,272 .83 1,886 .190 
May 4,287 .83 3,558 .237 

1968 March 1,840 .81 1,490 .149 
May 2,462 .81 1,994 .203 

1969 May (I) 2,882 .88 2,536 .251 
May (2) 1,445 .88 1,272 .251 

1970 May 7,570 .92 6,964 .239 

Nestucca 1968 March 2,701 .81 2,188 .219 
April '2,780 .81 2,252 .226 
May 3,013 .81 2,44 1 .253 

1969 May 4,079 .88 3,590 .276 
June 2,150 .88 1,892 .270 

- 1 Statewide average fiscal year rearing costs, which include gross costs. liberation, salary overhead, 
retirement, feed tran~-portation , automotive, depreciat io n o f facilities, etc. 
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APPENDIX E . FIGURES 
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Appendix Figure E-1. Salinity profiles (in parts per thou
sand) from stream mouth to head of tidewater on the Alsea 
River at moderately low tides during three seasonal periods. 
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Appendix Figure E-2. Salinity profiles (in part per thou
sand) from stream mouth to head of tidewater on the Alsea 
River at moderately high tides during three seasonal 
periods. 
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Appendix Figure E-3. Salinity profiles (in parts per thousand) from stream mouth to head of tide~ater on 
the Siuslaw River at moderately low and high tides during two seasonal periods. 
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Appendix E-4. Salinity profiles (in parts per thousand) 
from stream mouth to head of tidewater on the Nestucca 
River at moderately low and high tides during two seasonal 
periods. 
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Appendix Figure E-5. Summer temperature profiles CF) from stream mouth to head of tidewater at low 
tide on three rivers . 
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Appendix Figure E-6 . Summer temperatuo-e profiles C F) from stream mo uth to head of tidewater at high 
tide on three rivers. 
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Appendix Figure E-7 . Mean daily angler pressure curve for 
fa ll estua ry cutth roat fisheries on three coastal rivers, years 
and streams combined , 1965-1 970 . (Vertical ranges en
compass weekday and weekend curves for each stream.) 
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